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1. ABSTRACT

This report covers the work completed prior to the delivery of the

first prototypes of the Surface Geophysical Instrument for the Sur-

veyor Spacecraft. The instruments included are designed to measure

temperature, thermal diffusivity, magnetic susceptibility, density,

penetrability, and acoustic velocity of the lunar surface. For each

instrument a system and equipment description, report of testing

and calibration, components outline, description of packaging philos-

ophy, theoretical studies, and environmental test results, and a

recommendations section is included. A summary of quality assur-

ance practices employed is included which covers all six of the surface

geophysical instruments.

-I-



g. INTRODUCTION

Under conlract 950155 with the California Institute of Technology, Jet

Propulsion Labor _tory, Texaco Experiment Incorporated has designed,

developed, condu,.t_:d acceptance tests on, and delivered one set of

prototype instruments (P-l) for the Surveyor, the NASA soft-landing,

umnanned moon w-'hicle. This sel of prototype in_trvmen:s isdefined

as the Surveyor Gecphysical Instrument and consists of the Surface

Geophysical Instrument and the Subsurface Geophysical Instrument.

The Surface Geophysical Instrument is a group of separate instrmnents

designed to conduct certain experiments on the lunar surface. These

instruments include the Surface Temperature Instrument, the Surface

Thermal Diffusivity Instrument, the Surface Magnetic Susceptibility

Instrument, the Surface Density Instrument, which also contains an

Acoustic Sensor for the sonic-velocity experiment, a Surface Penetra-

bility Instrument, which consists of three Penetrometers, and a Surface

Acoustic Ve!ocily Instruanent, _hich consists of an Acoustic Source and

an Acoustic Sensor.

The Subsurface Geophysical Instrument or Subsurface Sonde contains a

group of instruments packaged in an elongated cylinder and designed to

conduct certain experiments in a hole previously drilled into the lunar

surface. The Subsurface Geophysical Instrument contains a Subsurface

Density Instrument, a Subsurface Acoustic Velocity Instrument, a Sub-

surface Magnetic Susceptibility Instrument, a Subsurface Temperature

Instrument, a Subsurface Thermal Diffusivity Instrument, and a Subsur-

face Caliper In st r,ament.

This report descr bes the design, development, and testing of the first

prototype (P-!.) , _qurvey_r Surface Geophysical Instrument. Prior to the

worse herein reported the Bellaire Research Laboratories of Texaco Inc.

.:'onducted a study ",a_der contract N-3355Z with the Califor:_ia Institute of

"Fecbnology, ar'_ F'ropulsion Laboratory, on the feasibility of making

certain geophysical measurements on and in the lunar surface. Bread-

board models of the instruments designed to make the desired geophysical

measurements were designed, fabricated, and tested. The prototype

instruments developed at Texaco Experiment Incorporated and described

in this report were b_sed on the instruments conceived at the Bellaire

Research ..Laboratories, Texaco Inc.

-3-
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3. I Sys*em De.':cription

The interferome:er spectrometer is a modified }_licm!son interferom-

eter which utiliz,'.s an electromechanical mirror-dr:ve mechanism

and a boiometer detector to convert incident infra__ed radiation into

audio frequencie-q whose amplitude varies propo.'-tior_a!lv as the fourth

power of the differential temperature between the object being viewed

and the bolometer detector. The frequency of the resultant audio

signal is a direct fu:_cti,_n of the wavelength of the ip, cident radiation.

The detected signal is amplified approximately 50 db between the

bolometer detector output and the instrument output by a three-stage

preamplifier physically located in the sensor head and a three-stage

postamplifier located in a remote electronic package.

The mirror-drive power is generated by a linear sawtooth generator

and amplified sufficiently to drive the mirror by appropriate elec-

tronic circuitry in the electronic package.

Bias voltages for the bolometer, resistance thermometer, and tran-

sistor circuitry are generated by a dc-to-dc conver_er and electron-

ically regulated within the electronics package. This electronic

package is designed to operate within the temperature-controlled

electronic compartment of the spacecraft. Power for this package is

taken from the spacecraft regulated 29-volt supply.

The optical section, or sensor head, contains an infrared window,

beamsplitter, stationary mirror, focusing lens, movable mirror,

bolomete_ detector, and lhermostatically controlled heater.

3. 1.1 Theory of Operation. The incident radiation enters the window

of the sensor head, strikes the beamsplitter, and is split at right

angles into two equal parts (A and B). The amplitude of the two parts

plus the iosses in _he be.amspJitter and window equa!s the total ampli-

Part A of the radiation for discussion purposes is reflected 90 ° by the

beamsplittei" towards the stationary mirror; part B is passed through

the beamsplitter to the movable mirror. Part B strikes the movable

mirror and is reflected back to the beamsplitter, where it is reflected

90 ° to the bolomel_.ro When monochromatic radiation is being viewed



and the con_:t:,nts ,_f the system have been correctly chosen, the

optica! path of par_ A of the inciden! radiation from the be;_nasplitter

to the boiometer is the same as the length of the optScal path of part

from _he beamsplltler to the bolo_aeter. When the path _engths

are exa,. tty the sa_le, 1he phase of the two parts of the radiation

are the ._;a_e., and they arld, or in optical _erln.q, construc',ively inter-

fere with each other. When the optical distance traveled by par{ A

differs from the optical distance traveled by part B by one ball of

one wavelerR._h, the two beams are out of pease with each other and

therefo,e cancel, or in o,_)tical terms, destruct!.ve]v interfere with

each other. When the path lengths are such fl_a'..the two partsofthe in-

cident radiation are additive, maximum energy is transferred by

radiation fr')m the object being viewed to the bolometer detector.

This transf¢-r of energy causes the bolometer, which has a low thermal

mass, to increase in temperature.

The bolometer detector is a carefully selected thermistor which has

a large change in resistance with iemperature; therefore, the increase

in temperature of the bolometer causes a decrease in its resistance°

The bolometer, in operation, is fed by a constant current source, so

that changes in bolometer resistance appear as voltage changes across

the bolometer_

When the path length of the two parts of the incident radiation are such

that destructive interference occurs, no energ_ is transferred to the

bolometer, a_3d it._ temperature returns to that of its surroundings.

Hence, no voltage change is apparent across the bolometer.

Assume that the movable mirror is moving towards the beamsplitter

starting from a point at which the path lengths of part A and part B of

the incident radiation are the same. At this time there is constructive

interference, and maximum energy is transferred to the bolometer.

As the mirror moves the path length of part B becomes shorter, ard

the phase o' part B to part A shift.'; until it is 130" phase-shifted when

_:he optica! )a,:h iengt}; is one-half wavelength shorver thae, when cor--

s':ructive interference occurred. At this time part A is cancelled by

part B, and no energy reaches the bolometer. As the mirror con-

tinues to move, the phase of part B continues to shift until it is again

;n phase with the radiation of part A. At that time constructive inter-

ference again occurs. When the mirror is moving continuously parts

A and B of "he radiation are continually going through constructive

and destrec<ive interference patterns at a ra_.e which is proportional

-8-



to the velocity of tile movable mirror and the wave:,ength of the inci-

dent radiation. Therefore, the bolometer, which !s alternate!y

heating and cooling, causes a voltage which is related to the velocity

of the mirror and the wavelength of the incident radiation. The fre-

quency of this voltage change is proportional to Lhe velocity of the

mirror and the r:_diation wavelength, while its am_'_litude is propor-

tional to the ar_o m* of radiant energy entering the window.

Assume a \vavelengtk, of incidenl radiation, Xl, in microns, and a

mirror velocity, V. Also, assume a second wavelength, X 2, such

that Xl is a shorter wavelength than X 2. Inductiv,.'ly, the constructive

and destructive interference patterns will occur at a faster rate for

Xl than they will for Xz; that is, the mirror moves shorter distances

(one wavelength) between constructive peaks of Xl than for X a. There-

fore, the frequency at which inlerference peaks occur is inversely

proportional to the wavelength of the radiation.

The audio-frequency output, Fa, from the bolometer is a function of

wavelength, k , and mirror velocity, Vm, or

F a = NV m ( l )

where N is the wave number (l/k)

The moving mirror is coupled to _he armature of z,m electromechanica_

transducer. The armature _s driven by a ramp-function electrical

signal which is generated in the electronics pa('ka;_,e. The shape of

this ramp func'_;ion is given in Figure I. During the time interval t 1

the mirror progresses from one end of its excursion to the other. The

total mirror travel, _,, is a function of the ramp-_unction vo!tage, V I.

Its velocity, V m, then is the total distance traveled, B, divided by t l,

the travel time, or V m : B/t 1. Substituting this in Equation 1 glves

= NB/t, (Z)

Therefore, the audio-frequency signal generat,ed by the 0oiometer is

determined by the wavelength of the incident radiation, the mirror sweep

time, t_, and the amplitude of the sweep voltage, V_.. since B, the mirror

travel, is a function of V_o

When monochromatic radiation is being detected, there will be a single

discre*e a:adio frequency present in the bolometer output° When the

-9-
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incident radia ion is composed of a band of frequencies, the audio-

frequency output from the bolometer will be an interferograrn which

contains the audio frequencies corresponding to the entire band of

radiation.

If the entire band of radiation is not present beca,+,se of the ._elective

absorption of some particular wavelength, there will be a similar

gap in the audio-frequency spectrum. Therefore the output from

the spectrometer can be used to identify material'; which have selec-

tive infrared absorption characteristics.

3. I. 2 In*}__rpretati.on of Data. The output from the bolometer con-

sists of a spectrum of audio frequencies, the ban_ width of which is

determined by the incident radiation upon the spectrometer, the

cut-off characteristics of the optical material used for the lens, the

mirror travel, B, and the travel time, tl.

The amplitude of each of the audio frequencies is dependent upon the

energy contained in the wavelength of the incident radiation.

Plancl4s Radiation Formula states that the emissive power of a black-

body at wavelength, k, is

gk = Clk-S/(exp Cz/kT - 1)

where C_ and C a are constants and T is the absolute temperat-ure in

degrees Ne!vin_ and the exp term represents a power of e.

The Stefan-Boltzmann Law states that the energy transfer bet-ween two

blackbodies is

ii; = a(TI '_ - T2 +)

where _ .--"_7_o!tzx_ann constant

T _, - r ..... .= ¢,>so,u,e temDerat'are of first body

T_ = absolute temperature of second body

Since the average boiometer temperature is accurately monitored by

a resistance thermometer, an analysis of the spectral distribution of

_he radiation interchange between the bolometer ae, d the object being

viewed allows the absolute temperature of the object to be computed

a_ .... ra_e+.y by aaplication of these two radiation laws (1) (see Appendix A).



3. 1.3 Prec;sion of Measurements. It is obv:ous from the discussion
of section 3. 1. 1 ".hat the Identification of a partlcuiar wavelength of
radiation ;,s dependent upon,, among other things, the sensitivity of
the bolonleterj the accuracy of the lotal mirror travel, 3, and the
mirror ve]o,zity, Vl.

Other factors inffiuencing the de;ection of asingle wavelength of
radiation _re the noise output of the detector and amplifier, the

relative a__sorption characteristics of the optics for the wavelengths

in queslion compared to other wavelengths, and the resolving power

of the spectrometer.

3.1.3. 1 Effect of changes in mirror travel time.

Consideration will be given below to the effect on audio-fre-

quency output signals with changes in t,. In the event t I in-

creases or decreases by some quantity At because of tem-

perature effects on the electronics, it will affect the audio-

frequency of the output signal as shown below:

B
F a = N (3)

t_ =_At

_'here

F a = audio frequency

N = wave number

B = mirror travel

t I = travel time

At = small change in t

When the travel time increases a small amount Equation 3

becon_e_

F a - AF a : N
B

t_ + At

where Fa - Z_Fa is the audio frequency when t is increased

by _t. When the travel time decreases by a small amount,

at, Equation 3 becomes

-!2-



B
Fa + AF a = N

tI - A t

where Fa ¢ AF a is the audio frequency whep, t is decreased

by a sm:..l_ a,nount At. Solvin R for Fa in both equatlon.q and

equatin_ we have,

NB NB
4 AF a -

t_ + At t I At

NB At
- AF a

tl z _ At 2

and neg)ecting At z,

NBAt
AF a __

t! z

The ratio of AF a to F a is then

AF a

AFa/F a - NBAt/t_
Ng/h

AF a : FaAt/t;

Therefore the change in audio frequency due to a change in

travel t_me is the audio frequency which would be present

if there were no error times the ratio of th,e change in

travel time to the total travel time.

3. 1.3.2 Effects of changes in sweep amplitude.

The total mirror travel, B, is directly proportional to the

sweep amplitude voltage, V I. This voltage may change when

the temperature of the electronic package is varied.

Using t},e sa,_e )ine of reasoning as in sec"..;cm 3.1.3. ] it can

,)e shoxan that _i_e ratio of the change in audio frequency_ AFa,

to the true frequency_ F a, is:

AFa = Fa AV/V_

where _XV is the change in voltage.

-_23-



3.1.3.4

Analysis of variation in output due to changes in sweep
amplitudes and sweep lengths.
The present interferometer measures the infrared radia-
tior_ from !5to Z5 ta, which corresponds to wave numbera

from 2000.to 400. With the ideal swee:_ constants of the

device, the audio frequencies corresponding to these

wave numbers range from 150 to 30 cps.

The soectral resolution of the device is about 80 waw_ num-

bers, which corresponds to an audio r_'solution of 6 cycles.

As an example of the error in audio frequency caused by

changes in t_:, the mirror travel length, consider the lot-

lowing example. Assume the At/t I ratio is 0.01; then the

varlationof audio frequency due to this error is 0.0l Fa.

At 30 cycles this is an error of ±0.3 cycles and at 1 50

cycles, an error of +1.5 cycles, which in each case is be-

low the resolution of the device.

It is evident then that the ratio of the At/t I must be greater

than 0.04 before there will be a significant error in output

audio frequencies from a change of t I. Likewise, the ratio

of the voltage change of sweep, AVI, to the normaI voltage,

V l, must be held to less than 0.04 to keep the error to a

rninimum_

Notes on checkout of Iota-001 interferometer.

Procedure:s for operational checkout of the interferometer

for the most part follow logically those indicated by Block

Associates (2). Points covered here are largely an expan-

slot: of those directions.

It is of critical importance to delineate the instrument be-

havior with respect to stability of operation and calibration.

Stability tests should demonstrate both electrical and mechani-

-al bebavior of the wavelength scan sysgem and the electrical

and or_'_.ica_ aspects of the instrument gain. Optical and mechan-

:cal behavior will generally have to be deduced by comparison

of over-all and electrical characteristics. Calibration con-

sists of the generation of a normalization of instrument wave-

length response curve and also investigation of the results to

be _xpected as a function of difference between object and in-

strt_ment temperature, Both stability and calibration tests _hould

i_T,)e:_, Out ir,,strurnent behavior as a function of:



(a) instrtn_ent operating temperature° Although hopefully
inst:-urnent temperature will be thermostated at 40°F,

it is necessary to investigate behavior over at least a

40 ° • 30°F :range.

(b) Terr_perature cycling of inntrument. During blastoff

and :It_ring, the fli_,,ht to the moon, the device will prob-

ably be te_lperature-cycled several times, and the ef-

fect:_ of this on its operation should be determined.

Most probable detrimental effects will be ou optical and

mech_,nical characteristics.

(c) Instrument operating time. It is possible that the thermal

and mechanical equilibrium may not be attained in the

instrument until some time after turn-on.

Two other points (at least) should be noted; namely, (a) many

of these tests can be run simultaneously if the data collection

is organized efficiently, and (b) testing should be programmed

so that potentially destructive tests (such as high-temperature

operation) are run late in the series,

3.1.4 General Test Discussion. After setup and interconnection of the

instrument and electronics the following should be checked both initially

and at suitable intervals to detect drift.

• I. Actuator coil wave forms.

a. Ramp voltage timing

b. Ramp voltage amplitude

c. _-lyback and dead time

d. dc bias applied to minor actuator col!

2. Bolometer bias voltage

3o Noise level in amplifier output

4. Powe r-supply voltages

A qualitative check for proper operation of instrument can be obtained

with a hot soldering iron as a source mounted about 5 inches away from

the interferometer. A typical interferogram waveform will be seen in

pos tamplifier ou_puto

_5-



3.1.4.1 AudJo frequency versus optlca! wavelenglho

A fluter i,_ used to lsolale from a hot blackbody source a bar'_J

of radiation narrow compared to the instrument resolutiop

hrnit. For these Instruments resolution is an approximately

conslanl BO wave numbers for the whole spectral region, and

th,v wavelenglh resolution can be calculated from AN/N= Ak/k,

w}.ere N ts the wave number and k is lhe corresponding wave-

length,. Thus for a wavelength of 5 u corresponding to a wave

number of 2000 the waveler_g_h resolutionj AkA, is about

80/2000 or 0°04. When the instrument aperture is filled with

lhe radiation from lhis filler, the instrument output will be

principally a pure slnusold.

lVieasurernent o[ the inslrument constan',, relating wave number

(or wavelength) to frequency is besl done with a wave anaiyzero

Wave analyzer bandwld_h should be consistent with spectral

resolution of the lnterferometer. As an example of the factors

involved consider the following° The wave-number region

covered by these instruments is from 2000 (5_ to 400 (25 _t)

or a total of 1600 cm -I The resolution is 80 cm °l, so

qualitatively the spectral regaon is divided roughly into

1600/80 = 20 independently measured intervals. Ideally,

thas wavelength region should be modulated to the audio-fre-

quency range of 30 to 150 cps, and af thxs frequency range is

divided by the wave-analyzer bandwidth into 20 uniform inter-

vals, then the analyzer bandwidth wxl! be consistent with the

spectral resolution. Th_s gives 6 cps as a reasonable wave-

analyzer bandwidth° The bandwidth should not be narrowed

much more than this because there is also a "fine structure

modulation" due _o scan-mirror repetitaon rate (about 3 cps),

wl,lch is superimposed on the instrur_enl output, and it is de-

sirable to "smear" or average this out ,-n the wave-analyzer

output.

3.],4.2

Since C':e fundlarnenlal _nterpre_alion of the inter_"erogram de-.

pends on the wavelength to audlo frequency calibration, it is

evident that drltt and temperature sensitivity in this parameter

should be measured very carefully.

Linearity of scan-mirror motion.

The instrumental setup for measuring lhls is the same as for

w:_velength-lo-frequency callbranon; that is: the interferom-

e_e:- aperture sBou_d be filled with essentially monochromatic



3.1.4.3

3.1.4.4

radia_io,a from an intc_rference filter. If the scan-mirror
motion is nonlinear, the resulting output audio frequency
will vary accord;,;gly during the sweep. Fc'r instance, if

a 5-u fi_ter is used, _he output frequenc v should be 150 cps;

if by the end of the sweep the scan mirr,:_r velocity has

dropped off by 10%, then the output frequen<y would h_ve

dropped to 135 cps. "Fherefore, the instrurqent output

mixed with a sine wave of the same frequepcy from a :;table

S "1 .,o.,cl,lator will show beats if th," interferom_?ter output fre-

quency changes. It is instructive to calculate the magnitude

of effects which may be observed. For a 5-_t radiation line

generating a 150-cps audio signal, there will be 44 cycles

in a single 0.294-sec scan. Nonlinearity of 1 part in 50

{which is the maximum permitted) would yield about a l-

cycle beat in this scan time; this probably would be plainly

visible if the oscilloscope scan were adjusted to permit

observation of the whole mirror scan. If, on the other hand,

a tenth of the mirror scan were observed on the scope, it

would be easy to misinterpret the oscilloscope display.

For this test it is important that the filter fill the aperture

of the instrument and be at approximately the same tempera-

ture as the instrument. Otherwise, radiation of the other

than the test wavelength will be observed by the interferometer

and will produce corresponding audio frequencies which will

tend to beat with the oscillator and obscure the interpretation

of the observed scope pattern.

Lineari'.y of scan mirror driving voltage.

The ran_p voltages which drive the mirror :,nnust be linear so

that the resultant mirror motion will not be distorted by nor_-

linearities in the ramp voltage. The linearity can be checked

by applying the drive voltage output t.o the external sweep of

an oscil!oscoDe and intensity modulating the sweep with a cali-

x_ra'¢ed _:me marker_ if the ramp voltage is linear, the intensity

nncdu!at-o-, pulses will occur evenly spaced over the fu.ll sweep.

Calibration of interferometer responseo

When a wavelength-resolving ideal instrument such as a spectrom-

eter or scanning interferometer at temperature T 1 looks at a

blackbody at temperature T z, it sees the difference in spectral

distribution for the two temperatures° called the differential
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3oi.4.5

radiance. The output curve for a nonideal instrument will

not have _he same proportionality constant for all the wave-

lent:ths of the differential radiance, and so an instrument

calibration as a function of wavelength must be developed.

The calibration consists of producing an instrument curve

for a blackbody at some reasonable temperature and com-

par'ng the instrument curve with the tbeoretical calculable

differential radiance.

Factors influencing interferorneter cl/,ibration.

(a) The temperature differential betw,__en the instrument

,_nd the source must be large enough to give a high

s:ignal-to-noise ratio in the instrument output.

(b) The source must be truly a blackbody (or have a cali-

brated emissivity} and should fill the interferometer

aperture without heahng the instrument case. To this

end the instrument case should be in good thermal con-

tact with a fixed temperature heat sink and the instru-

ment temperature should be measured With an accuracy

of 0. l°C, Measurements should be made to determine

whether there is any excessive time lag or actual dif-

ferential be'tween the instrument case temperature and

the temperature indicated by the internal resistance

:he rtn ome te r.

(c) Absorbing gases such as water vapor or carben dioxide

must be excluded from the optica; path between the source

rind interferometer. One means of doing this is to flush

;:he space surrounding the setup _ith dry nitrogen gas.

(d) The wave-nmnber scale should be expanded on the output

,_trip chart to permit easy interpolation. Reasonable in-

terpolation based on resolution considerations requires

_0 to 30 individual points; therefore, 8 to 10 inches would

_ppear reasonable for _he wavelength scale expansion_

(e} The maximum amplitude on the output strip chart should

be consistent with the signal-to-noise ratio.

(f) The _emperature of both source and instrument must be

kept constant to the desired accuracy for Line duration of

-!8-



(h)

the. calibra',ion test run. Since. as is discussed below,

the analysis time required for one run is about 60 times

the measuring time, it may be convenient for very ac-

curate calibrations to put the measured data on magnetic

tape and analyze the tape, In this case the time duration

of the temperature-stability requirement _s reduced b v

the factor of 60.

An averal_,ing filter shou!d be inserted between tb.e wave-

analyzer output and the strip-chart recorded to smooth

the strip-chart record. This will also have the benefit

of defining the number of individual interferometer scans

which are being averaged. If, for instance, it is desired

to average I0 interferometer scans, _he time constant of

the averaging filter should be roughly 3 sec since each

scan requires 0.3 sec. The use of st, ch a filter in turn

limits the rate at which the wave-ana!yzer frequency can

be swept. Since as indicated previously the interferom-

eter output frequency range of 30 to 150 cps is in essence

divided into roughly 20 independent intervals, the use of a

second averaging filter necessitates looking at each interval

for at least 3 sec, so the total frequency sweep must take

at least 60 sec. Allowing a time factor of three for overlap,

this impiies a maximum frequency sweep rate of 2/3 cps

per sec for the wave analyzer. We can visualize use of

even longer tirne-constant averaging filters, up to pos-

sibly 100 or more scans. For such to_sts instrument and

source stability is required for much longer periods, and

tho use of a tape syslem becomes almost necessary. Note

that it is necessary to use a tape loop long enough to con-

ta}n at least 100 scans to obtain the full benefit from

averaging 100 scans.

Obviously one can aw'raye severa, strip chart records in-

st,,a,i of os,>g one lo_g-_.vecage record or one can even

average several calibration curves° The reiative merits

of such procedures have to do with considerations of system

drift, statistical errors, and efficiency in use of time.

A calibration should be made of interferometer noise output

as a function of audio frequency. This is necessary for the

pu:-pose of subtraction from low-leve? signals derived during

-_9-



naeasurements where lhe sourcc-to-]nstr-_ment tem-

perature differential is small. This measurement is

of significance only if the analyzer band width and

averaging filter time constant arc recorded. For

general information It would also be desirable to check

the r_oise with a dummy load substituted for the actuator.

This would show how much of the low-frequency noise

is due to thermal fluctuation, ac_,aator crosstalk, or

mic rophonics o

3.1.4.6 De_erminalion of gain s'ability of interferometer.

It is very possible Ihal 1o obtain the temperature resolution re-

quired at a low-temperature differential, the interferometer

wilt have to be used as a total radiation detector. (This is

likely because of the limitations of the Hughes analog-to-

digital con_/erter.) In view of this _t is desirable to calibrate

the over--all gain of the interferometer amplifier as a func-

'_ion of temperature. This is probably best done by accurate!y

measuring the instrument output while calibrating the wave-

length-to-frequency factor. Note that even at constant source

_emperature the instrument response as a function of instru-

ment temperature should vary as T 4, since the instrument

detector is heated by radiative transfer from the source.

3.2 Equipment Description

An outline and mounting drawing of the Surface

is shown in I-_igure 2.

Temperature Instrumert

3.2. I Sensor Head. Length, 5.082 inches; diameter, Io25 inches; and

weight, 0. 56 lb.

3.2.2 Platter (Ele(:tronics Package__). Length_ 8.70 inches; width, 4.00

inches; depth, 0.917 inch; and weight, 1.291 lb.

30203 Power Req_a_remenlso Current, i20 ma: and voltage, Z9 v dco

3,3 Testing and Calibration

3.3.1 Results of Functional Tests.

-20-
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3.3.1.1 Pla_tcr functional te_t_.

The platter functions were tested at temperature extremes

_o determine variations of total travel time, t, sweep length,

B, and bo!ometer bias voltage ripple w-th tempere.ture. Table

i shows the test temperatures and results.

TABLE 1

TEMPERATURE EFFECTS ON ELECTRONICS

Tempe rature,

"F

Sweep-drive Output

Time Dura-

Amplitude, v tion, msec

Bolometer Bolometer Bias

Bias, vdc Ripple, mv

0 1.3 270 260 16.5

77 !.3 255 260 ZI.0

!00 1.3 -- 260 261 23.5

Sweep-drive output characteristics were obtained from the photo-

graphs in Figure 3 for the different temperatures. Time dura-

tion in Table I is the total period, or t3. Sweep-drive amplifier

output linearity was measured at 0 and 100°F, The interferom-

eter sweep was used to drive the external sweep of an intensity

modulated oscilloscope. Intensity modulation was accornplised

by applying[ the ZS-volt output of a time marker generator to

the cathode of the cathode-ray tube. Table 2 shows the result_

of tes_.

TAB LE Z

SWEEP L)NEARITY AT TEMPERATURE EXTREMES

Temperature, Distance between 5-msec Marks, mm

"F Start of Sweep Middle End of Sweep

0 1.6 1.8 1.7

lO0 1.5 !.8 1.6

-ZZ -
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Th,_. ir for_nallon shown in Table 2 was obtained by measuring

dis',ar'ccs under 10x magnification between 5-rnsec pu!ses on

the pbot')graphs in Figures 'Ia and 5a for :he tv-o ternperatures.

Figures 4b and 5% show results of amplifying the output an

unme:,s_,,red amount before applying it to the external sweep

ol oscilioscope. Note increased distance between markers.

Tt_e accuracy obtained in measuring linearitg by this method

canno_ be defined at this time.

3.3.1.2 Syste_n functaonal test.

With 'he ser_sor viewing a blackbody whach was at a _empera-

ture c,f 399'K a speclrogram was obtained (Figure 6). From

this spectrogram the total absolute response (TAR) for the

instrument was calculated in Table 3. Figures 7. 8, 9, and

]0were obtained for the sensor viewing the same blackbody

as tha_ for Figure 6ai temperatures of 324", 278.5 _, 250",

and 282"K, respectively. The blackbody tempe:;tures were

then calculated as in Tables 4, 5, 6, and 7, respectively.

The calculated values were compared with the measured

values and the results listed in Table 8. The detailed test

procedures are given in TEl Acceptance Test Procedure

387-212-89 (1).

3.3.1.3 Summary of objective and results of experiments.

The objective of the functional tests listed in this report was

to prove that the instrument is capable of determining the

surface temperature of the moon using its infrared spectro-

graphic characteristics. The test results are not conclusive.

S'¢stem erro:s induced by test procedures far exceed the

mammum error allowed for the system. These errors are

explained in ,detail in the TEl letter dated April 11, 1962

to d. 3_ Thornas/E. L. Brown (Appendix B).

30 3.2 Results of Developmental Tests. The deve'.opmental tests per-

[orrned a _. .x31o:k Assoc:ates are included in their final report (3}o

30 4 Components Outline

The components listed in Table 9 are deviations from JPL preferred

parts list. An explanation for the deviations are includedo

-14 -
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BLACKBODY

TABLE 8

TEMPERATURE CALCU LATION

Sensor

Tempe rature, °K

306

303

296

298

ACCURACIES

Blackbody

Temperature

(Measured), °K

324

278.5

Z50

282

Blackbody

Temperature

(Cal_.). "x

324

?,8)

277

274

Error.

"K

0.0

+2.5

+Z7.0

-8.0
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TAB _ 9

w'-O_'_''_'r':'v..,_,,,_,_, • DEVIATIONS FROM JPL

PREFERRED PARTS LIST

C on2j_o_.e nt

Microdot Cable No. SO-3819MC-30

Sea!ectro Ft-MZ WPZ0

Teflon Feed Through

Cambion Type 1785-A

Chessman

Cambion Type 1488-4

Solderlug

Fairchild 2N2049

Transistors in TO- 18 Case

Stevens MX-9

The rmostat

Corning Glass WL-5-510

Capacitor

Vitramon CK Series

Capacitor s

Triad EC 1500

1.5 h Inductor

Fairchild 2N 2049

Transistor Standard Case

Transformers, Block

T-700_ T - 70 .,'.

Minco Model 8-3I

Platinum Resistance

The rm omete r

Reason for Deviation

Avai'ability

Avai _ability

Avai lability

Availability

This item not on JPL list

but were listed as preferred

by HAC

The MX-9 was used over the

MX-1 because MX-9 has

ground terminal

Physical size consideration

Parts delivery precluded the

use of preferred UK series

Physical size limitations

Not on JPL list but were listed

as preferred by HAC

Block designed for specific use

'This was used tO provide a re-

duction of components over

circuit required
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3.5 Packaging Philosophy

The packagin2 phi!osophy used by Block Associates is included in

their final re'_ort (31_.

3.6 Theoretical Studies

The theoretical studies were performed at B_ock Associates and are

included in their final report (3).

3.7 Environ_nental Test Results

;.m.nviror_mentai tests were limited to those perfo,'rned on the electronics

_latter as reporled in the functional test section of this report (3.3. ]. 1).

3.8 Recommendations

Thought should be given to the practicability of increasing the diameter

of surface units to allow repackaging of the preamplifier in sensor heads

for increased reliability. Present space limitations necessitate de-

viations from accepted practices.
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The detected si_,na] is amplified approximately 50 db between the bolom-

eter deteclor output and the instru,nent output by a three-stage tran-

sistor preamplifier located in the transducer and a three-stage post-

amplifier. The power for the mirror drive is generated by a sawtooth

generator and amplified by a single-s_age amplifier, push-pull phase

inverter arid a push-pul! amplifier. Bias voltages for *,_he transistor

circuits are ger erated by a do-to-do converter having outputs of +IZ

volts, -12 volts, +150 volts, and -150 volts. A!I voltages are regulated

within the electronics _ackage. which is to be located in a temperature--

controlled e!ectronic compartmen! in the spacecraft.

4. Z _ment Description

The descriplior, of the device capable of performing both day and night

thermal diffusivily experiments is given below. FSgure 11 shows the

assembly drawing, Figure IZ is a mounting diagram, and Figure 13

is a photograph of the completed shield.

The top member of the solar radiation shield is a truncated cone with

a surface area of 92 in. 2 This cone is spun from 0.032 inch 6061T6

aluminum plate. A white polyvinyl acetate paint is used to coat the

outer or convex surface, which is exposed to solar radiation. The

inner or concave surface is brightly polished and coated with a thin

film of silicone monoxide to prevent oxidation. The low thermal emis-

sivity of polished aluminum is desired for the concave surface to reduce

heat flow from the cone. to the other components. A triangular epoxy

glass-fiber mounting bracket connects the cone to the rest of the shield.

Giass fiber is used bolh for strength and thermal isolation. The dimen-

sions of the cone are (a} diameter, 10 inches; (b) height, 2-.70 inches;

and (c} slope of cone, 31 ° . The weight of the cone is 0.26Z lb.

A radiation shield is placed between the vop cone and the bottom heater

piate. This ref:ecting inner shield is constructed from 0.0Z0-inch

505Z aluminum s_aee*._ Bo*h surfaces of the shield are brightly po!isb, ed

and coa'.ed wi_h silicone monoxide film. This radiation shield prevents

hea_ flow from. _he top ,cone _.o the heater plate during the day and from

the heated plate to the .cone during the night. A roiled edge of the shield

provides a mounting surface for the reflecting skirt. The shield is 10

inches in diame_.e: and 0.345 inch in height and weighs 0o 136 Ib°

The heater plale is fabricated from a single section d copper-clad epoxy

giass-fiber !amina_e. Insulating voids are produced in the copper by a

_4Z-



4. I Syslem Description

The thermal diffusivity measurement of a substance i_ accomplished

by abruptly altering the radiation to or from a region of known geometry.

A study of the surface temperature of this region immediately foiiow-

ing abrupt change in radiation provides information necessary in cal-

culating thermal conduct:vity and diffusivity (4). Two methods of pro-

ducing an abrupt change in radiation are described below.

First, a shadow-lree area of the lunar surface will be exposed to solar

radiation for a period of not less than I hour prior to this experiment.

A shield will then be placed over a portion of this surface to prevent

the solar radiation from reaching an area of known geometry. This

shield will be lowered from the Surveyor spacecraft to a position ap-

proximately 2 inches above the surface of the moon. A reflecting skirt

extending downward from the shield will obstruct both incoming and out-

going scatter radiation, The coating of the surface of the shield exposed

to solar radiation is selected to provide a low equilibrium temperature;

i.e., the coating has a relatively low absorptivity in the region of the

spectrum occupied by solar radiation and a high emissivity in the infrared

region. Appendix C demonstrates the calculations necessary in the selec-

tion of this coating,

In the second method a thermal-diffusivity measurement is made during

the night by first allowing the surface in question to cool to the normal

night-time temperature. A heated plate thermostatically controlled to

a temperature of 400°K with a known surface emissivity will then be

placed over the area in question and the time rate of change of the sur-

face monitored. It is necessary that the plate reach operating tempera-

ture within 0.5 hour and maintain this temperature for a period of not

less than I hour for this experiment. The heat radiated from the plate

to the lunar surface is determined by the parameters illustrated in the

calculations found in Appendix D.

Temperature measxarements of the lunar surface in t_e above-f_.,entioned

experiments will be made with an interferometer spectrometer mounted

in the center of the combination solar shield and hea',_ed plate, The

interferometer is a modified Michelson interferometer which utilize8 an

electro-mechanical mirror-drive mechanism and a bolometer detector

to convert incident infrared radiation into audio frequencies whose

amplitudes vary with variations in radiation differences between the object

being viewed and _e interferometer bo!ometer_
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photo-e!ching process, leaving an electrical conductor in the form of

an Archi,_nede_' spiral. "[his configuration was chosen to obtain an

even power distribulion over the radiating surface of the plate. The

calculations necessary in desigmng the heating element are given in

Appendix E. -he radiating surtace of the plate is coated with a flat

black paint hax ing an emlsslvlly of 0,, 93-0_ 95. The temperature of the

plate is controlled by a bimet&i_ disk thermostat which regu;ates the

electrical powcr supphed to the hea_e.r element. A thermocou,ole is

embedded in the laminate to sense the hea_er-plat,, temperature.

The healer plaIe is a,lached to a epoxy glass-fiber laminate mounting

bracket by three posts which are an integral part of the laminate. The

spacecraft mounting bracket is riveted to the top side of _he inner shield.

Stiffeners between the inner shield and the hea_er plale are riveted to the

mounting bracket and extend outward to the heater-plate mounting posts.

To assemble the shield a single screw is passed through the bottom of

each of the triangular glass-tiber mounting bra_.kets through a hole in

the inner radiation shield, then through a hole in the stiffener, and

finally it is threaded into the heater-plate mounting post. The heater

plate is 10 inches in diameter and 0.6 inch high, and its weight is 0.550

lb. Its nominal power reqmrements are 18 to 28 volts dc, and the heater

resistance is 308 ohms at 300"Ko The power requirements of the heater

plate over a temperature range of 70 to 400°K at input voltages of 18 and

28 volts are given in Figure 14,

A spider mounting bracket attaches the interferometer spectrometer to

the healer plate. The, interferometer spectrometer is positioned above

a centrally iocaled hole in the heater through which the lens housing ex-

lends. A half-angle field of view of Ig" ,_s provided by the lens, which

is loca_ed approximately 2 inches above the lunar surface. The inter-

ferometer spectrometer sensor head as 3o8125 inches :n !engt}-., and i{s

diameter is 1.fi5 inches wllhout the spider and 3.50 inches w!th it. Its

total weigh1 is 0_,499 _b. She d_mensions of the electronics package

(platter) are as follows (a) length, 8.70 inches: (b) width, <.00 inches;

(c) depth, 0_9_7 inch: and {d) weigh', io291 lbo 7is tozai power require-

nqents are iZ0 ma and Z9 voi_s d<o Aluminized Mylar film is used as the

reflecting skir_, which is cemented to the tuner shield. A stainless-

s_eei coaled spring _s used for added attachment strength. The aluminized

side of the skirt is placed toward the center of the instrument, because

this side is more reflective. The dimensions of the skirt are as follows:

(a) diameter, !O :n,.hes (b) height, 2.68 inches; and (c) thickness,
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0.0005 inch. Its weight is 0o00Z lb. The dimens:ons of the completely

assembled instrument are: (a) diameter. I0 inches; (b) height with

skirt extended, 6,0 inches: and (c) height with skirt folded, 4.0 inches.

Its weight is 1.73 lb including miscellaneous structural pieces.

4.3 Testi__g and Calibration

Only minimum testing of the device was made because of the lack of

sufficient time between fabricataon and the required delivery of the

instrument. A vacuum system of sufficient capacity to reduce the pres-

sure to iO -s ram Hg with diffusivity samples in place was not available;

therefore, no tests were conducted to determine accuracies in measur-

ing thermal diffusivity. However, certain functienal tests were made

on the individ_a_ components.

4.3.1 Results of Functional Tests.

4.3.1.1 3[nterferometer spectrometer functional tests,

The platter functions were tested at temperatures from 273 to

373°K to determine variations with temperature. Results are

given in Table 10. (These temperature variations are those

expected in the thermal-controlled spacecraft electronics com-

partments. )

TABLE I0

TEMPERATURE EFFECTS ON E LECTRDNICS

Ambient

Temperature_

*F

G

77

100

Mirror-sweep Drive Output

_Wime Bolom ete r. 2;0 _ome te r

Duration, Bias Voltage, Bias Voltage

Amp!'ttude, v msec v dc _Ri_Eple, mv

i, 2, g65 !.90 v. 5

1.6 Z55 i94 IZ.9

1.6 3Z0 194 14.8

Sweep-drive output characteristics were obtained from the photo-

graph_: :_n ]Figure 15 for three temperatures. Time duration in
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• ' dTable 10 is the total period and mcxuJes flyback tirreo

Linearity of the sweep drive amplifier output was measured

at 0, 77, and 100°7. The sweep output was used to drive

the external sweep of an intensity modulated oscilloscop._o

Intensity modulation was accomplished by applying tlz _. ZS_

volt output o[ a time marker generator t(, the cathede ,,_f

the c.:xthode-ray tube. Table 11 shows the re_u).ts of the_e

te_ts.

TAB I._ 11

Temperature,

"F

SWEEP LINEARITY

Distance between 5-rr:sec Marks, mrr,

Start of Sweep Middle E d_ s et£t

0 2.1 2.1 2.0

77 Z. 1 2.1 1.9

100 Z.Z Z.0 Z, 1

The information shown in Table 11 was obtained by measur-

ing distance between 5-msec pulses under 10x magnification

on Figures 16a, 17a, and 18a for the three temperatures.

Figures 16b, 17b, and 18b show results of amplifying the out-

put an unmeasured amount before applying it to the external

sweep of the oscilloscope. Note the increased distance between

markers. The accuracy obtained in mea._:uring linearity by

this me*hod cannot be de£ined at this time.

With _e sensor viewing a blackbody whic?x was at a ,_ernperature

o:_ 402'U a spec'_rogram was obtained (Figure 19). :'From thi_:

sp.:-.ct-'ograr_ the total absolute response (TAR) for the instru--

rnent was calculated in Table 120 Figures 20, 21, and 22 were

obtained for the sensor viewing the same blackbody as that for

Figure !9 but at temperatures of 318, 276, and 248_K, respec-

tively° The blackbody temperatures were then calculated aa in

Tables _3, 14, and 15,. respectivelyo The ca!c'.alated values

were-compared with the measured values and the ret_vt!ts lieted
in Table 16_
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TABLE 16

B LACKBODY TEM PERATURE CA LCU LATION ACCURACIES

Sens or B Iackbod y Bla ckbod y

Tempe rature, Tempe rature Tempe ralure E trot,

"K _e_urod), "I< (C_.),°K *Z

298 318 311 7

Z98 Z76 Z40 36

302 Z48 Z60 IZ

!

.!
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4.3.1.2

4.3.1.3

Detailed test procedures are g,ven in TEI Acceptance Test

Proced_,:re 387.-2-12--89 (Z).

Summary of objective and results of experiments.

The objective of the functional tests was to prove that the

instrumer_t was; capable of determining the surface tempera-

ture of the moon by using its infrared s)ectrographic char-

acteris_ic. The test results are not cor_clusive. System

errors indxlced by ".est procedure far exceed the minimum

error a"lowed for the system_ These errors are explained

in detail in the TEl letter of l 1 April 1962, to 3. J. Thomas/

E. L. Brown found in Appendix B.

Hea_er-pla_e functional tests°

a. Accuracies obtained

An initial power dissipation of 160 watts was attained when

the heater plate was connected to 28 volts dc at room tem-

perature. After approximately 5 rain the average power

dissipated was 110 watts.

b. Departures from 5PL functional requirements

The requirement was for 150 watts boost preheat for 0.5

hour with 96 watts average sustained for 1 hour. The heater

plate will not meet this requirement as indicated in the para-

graph above.

c. Departures from JPLdesign specifications

.,None

d. General summary of scientific objectives obtained and experi-

menta! results

The 9rime function of the heater plate is to reach its maximuu-n

,emperaturo as quickly as possible while radiating energy to

the ]ucar s_:rface, The above.mentioned tes_ was performed

ia a vacuurr,, chamber a_ a pressure of 10 -3 mm Hg. A glass

ioiat(, ,f 2-:nch thickness wa_ olaced beneath the heater plate

";o s_mula_e the lunar surface° The glass plate having an

absorptivity higher than that expected of the lunar surface

should remain at a lower temperature and thereby receive

more radiant energy from the heater plate. During this test

the heater plate reached the maximum operating temperature

w_hin 9 rain. A decrease in the resistance of the copper con-

ductor caused an' appreciable increase in power input at lower
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4.3.1.4

4.3.2

4.3.2.1

te_nperature. Also the powor output was greatly reduced at

lower temperatures since the radiant energy is proportior_al

to the fourth power of the temperature. As a result of this

time-temperature curve shown in Figure 23 has been ex-

tropoTated inlo the lower temperature ranges to obtain an

estiPa:_te of the total time required to bri:Ig the heater plate

up to _naxirnum temperature.

Heater-plate temperature sensor.

a. Accuracies obtained

The thermocouple embedded in the laminate and secured

with an epoxy resin was found to be accurate to within

±2_C.

b. Departures from JPL function requirements

None.

c. Departures from JPL design specifications

None ,,

d. General summary of scientific objectives and experimentai

results

A standard thermocouple was attached to the iaminate as

near to the temperature sensor as possible, The heater

assembly was placed in a temperature chamber and allowed

to co_e to thermal equilibrium. The embedded thermo-

couple indicated a temperature to within 2°G of the tempera-

"cure indicated by the standard thermocouple.

Resuhs of Developmental Tests.

Outline of test-';conducted.

In order _o obtain an optimum material ".'oreach component of

".he _nstrctmen_, nqethods of fabrication of various materials

were investiga_edo Many tests were performed with epoxy resin

and glass fiber in the naolding of :mounting brackets and the heater

plate. Sa*.isfactory results were obtainec_ i_,_the development of

the mounting brackets. However, the development of a suitable

method of fabricating a healer plate from glass fiber and epoxy

resin was no_ accomplished. An attempt was made to perfect a

custom !aminate composed of glass-fiber strands, glass-fiber

clot]-,, and epoxy resin, The strands were bunched together to
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4.3. Z.2

4.3.2.3

4.3.2.4

4.4

4.4.1

4°442

form mounting posts and stiffermrs and also interwoven

betwce_ layers of the glass-fiber cloth. Difficulty was ex-

perienced not only in attaching a copper ,conductor to the

lalninate but also in acquiring a quality molding free of air

bubbles and other flaws.

Fai!,lre reports of developmental models.

IPailt_re of a developmental plate occurred during temperature

environmental tests. At 400_K warping became excessive.

Sum;nary of corrective measures.

A different approach to the problem was provided by the acquisi-

tion of a thick copper-clad epoxy glass fiber laminate. The

bulk of the laminate was machined away to leave mounting post_

and stiffeners and a thin layer of glass fiber above the copper

conductor.

S_m nary of experimental results.

Little or no warping occurred when the improved version was

subjected to a temperature of 400°K.

Components Outline

Two co;-nrnercial components in additior_ to those found in the spec-

trometer are _lsed in the device:

1_ Thermostat, Texas Instrument C4344-_779-I

2. Connector, Bendix PT 500P-16-Z3 P (()05)

Notation and Explanation of Deviation from JPL and/or HAC

Preferred Parts Lists. Deviations from the JPL and HAC pre-

ferred parts list are given in Table 17.

!qesui*s of Componen* Tes_.s. No tests were conducted on the

con:_.ector or _he !nterfero_e_er par*,s; however, Lhe fol.lowin£

test-_ were made on the thermostat°

The operating temperature was determined by emmersing

xhe thermostat in an oil bath and noting the temperatures

a*. which the contacts opened and closed°
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TABLE 17

COM PONENT DEVIATIONS

FROM JPL PREFERRED PARTS LISTS

INCLUDING THOSE USED IN INTERFEROMETER S_ECTROMETER

Component

Microdot Cable NOo

SO-38!9MC-30

Reason for Dev,;ation

Availability

Selectro FT-M2WPZO

Teflon Feed Through

Cambion Type 1785-A

Chessman

Cambion Type ]488-4

Solder Lug

Fairchild 2N204_

Transistors in TO°f8 Case

Stevens MX-9

Thermostat

Coming Glass WL-S-510

Capacitor

Vitramon CK Series

Capacitors

Triad EC 1500

' 5-h InductorJ •

Fa !._',':'hi]d ZN 204'::

Transistor Sta'nd__;-d Case

Transformers_ Block

T-700. T-70t

Minco Model $31

Platinum Resistance Thermometer

Availability

Availability

Availability

This item not on JPL list but

were listed as preferred by HAC

The MX-9 was used over the MX-i

because MX-9 has ground terminal

Physical size consideration

Parts delivery precluded the use

of preferred UK series

Physical size limitations

.Not on JPL list but were listed

as preferred by HAC

Block designed for specific

use

This was used to provide a re-

ductio_ of component8
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4.6

4_7

The thermostat was subjec!ed to temperature extremes of

78 to ,I00"K.

o 'T" 1.. ¢1.. S * ",,,e ,,,ermosta| was :uodected to acceleralions of 15 g's

in bot}_ the horizonla] and vertical axis at frequencies of

10 to 20,0@3 cps for 10 min, The frequency was varied

in o:;e sweep while the acceleration was held constar_t.

o Test No. 1 was repeated following Test_ Z and 3. No'mal-

functions w,:re noted.

P___ac k_a24i n g Philosophy

During the development of the Surface Thermal Diffusivity

Instrumen:, the packaging philosophy was governed by the scien-

tific requirements HAG outline and mountit-g drawing No.

X239229 and JPL design specification No. 30848. There were

no devia:ions from the specifications.

The functional requiremenls of the device dictate the relative

position of the individual components. A conical shape of the

solar radiation shield provides shielding of *he spectrometer,

which is centrally located, and at the same rime prevents normal

solar radiation over a large area al any angle of incidence° A

convenient and necessary position of the heater plate is near the

lunar surface and below the solar shield. The design of each com-

ponent was influenced by weight considerations. All materiais

selected have a good strength-to-mass ratio,

Theoreli_: at Studies

The theo,-e_ica; studies necessary in the development o;: _:he device

are ":./ius,ra*,ed in Appendices C, D, and E.

;_:',v:_ronrr_e_lal Test Results

L'he inst;urnen_ was subjected to pressures ranging from atmospheric

to ]0 -'_ mm Hg without damage. The heater plate was subjected to

'_emperatures ranging from 295 to 400°K. All other components were

subjected to temperatures ranging from Z95 to 3ZS*K. No failures

we re reported
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]he fo!lov.;in R acceleration te_ls were performed on the instrument

_it.b tt,e ],_terfcrometer spectrometer represented by a wooden

replica° The ac<elerations were produced by a Ling Tempco

Type 219-GP-3/4 vibration exciter. All vibration was applied

along the 'brust axis of the instrm-nent as mcunted to the surveyor

spacecraft°

1 st Test

_--14 cps 0.2.-inch displacement.,

i a to 5,000 cps, consla,_t 2 g acceleration

5-rain sweep from 5 to 5,000 cps

2nd Test

5-14 cps, 0.5-inch displacement

_4 to 5,000 cps, constant 6 g acceleration

10-min sweep from 5 to 5,000 to 5 cps

Stop for 30 sec at 130 cps

3rd Test

B-Z0 cps, 0. 5-inch displacement

4 to 5,000 cps, constant i0 g accelex-ation

5-rain sweep from 5 to 5,000 cps

4th Test

5-Z4 cps, 0. 5-inch displacement

24 to 5,000 cps, constant 15 g acceleration

5-rain sweep from 5 lo 5,000 cpr,

T;,s" was stopped at 400 cps (3 min Z0 sec)

A maximum resonant condition was observed during each test at

approximately 140 cps but was reduced at the higher frequency

harmonics.

At reson_,nce during the i5 g test two of the '.hree screws attach-,

ing Che solar shield n-_ounting brackets to the inner shield and

heater plate loosened. Although Type C boctite had been used iI

had not been heat cured.

-67-



4. 8 Recomrnendations

Poor regulati.m of the heater-plate temperature is caused by a

thermostat differenttal of 2.0'C and poor thermal contact between

thermostat a_:d heater plate. A miniature thermostat having a

current carr,,/ing capacity of 5 amp and a suitable workable tem-

perature diff,:rentia!, has not been located. It is suggested that the

heater element be d:ivided into two interwoven conductors, each

being cow, trolled by a separate thermostat. Each conductor would

require a curr,:nt o[ only Z to 3 amp, which is roadil,/ controlled,

by a thermostat having a small temperature difforential.

Thought should be given to the practicability of increasing the diam-

eter of the interferomeler spectrometer to allow repackaging of the

preamplifier in the sensor head for increased reliability. Present

space limitations necessitate deviation from the accepted practices.
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5. 1 Syslem Description

The Surface Magnetic Susceptibility Instrument is designed to measure

the ac magnetic susc,'ptibi!ity of the lunar materia_ adjacent to the

spacecraft. The experiment employs an induction balance system of

an air-core transformer in which the material inductance between

primary and secondary t_as been reduced nominally to zero for a

surrounding m_'dium of permeability approximetelv equal to one (air

or vacuum).

The principle underlying the use of an induction ba:ance for the measure-

ment of magnetic susceptibility is thai any material brought into the

magnetic field of the balance will change the mutua! inductance between

two coils and thus change the induced voltage. Th s change in voltage

represents the change in magnetic susceptibility ir the field of the

balance (5)

As shown in Figure 24, a 3800-cps sine wave is annplified and connected

to the magnetic susceptibility device through an isolation transformer.

Resistance R l is used to measure power consumption. With coi!s A

and B phased I_0 ° apart and the proper turns ratio and spacing employed,

there will be no outpul voltage (neglecting leakage) in coil C, as de-

tected by the tuned voltmeter with the system situated in air. With the

introduction of a material sample that has evidence of magnetic suscepti-

bility, an increase in the coupling will occur between coils B and C

which is greater than the increase between A and C, and the resultant

signal will appear at the output. By empirical means such signal voltage

may be correlated to the magnetic susceptibility of the material.

Temperature it,formation is obtained from a thermocouple embedded near

the coils.

5.2 Ecut_r_men_ Des, otior,

The over-ail assembly of the Surface Magne'tic Susceptibility !nstr,amen%

i_: as slqowr, in 7El drawing No. 387-Z53-OA (Figure gS). The coils are

"mound with No. 29 B and S gauge high-temperature magnet wire into

epoxy glass-fiber laminate forms. The coils are epoxy-cemented to a

holding rod of the same material. An epoxy-glass section is molded to

the upper end of the rod to house the nine-pin "connector. Terminals are

provided for interconnecting the coils and the lead wires. Three epoxy-

glass fee', are cemented to the bottom side of the large coil form to
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position the devi_e a given distance above the test surface. The

complete co:1 seclion Js enclosed within an alurr, inized Mylar shield

to rninimlzo uneve,_ temperature e(fects caused by solar radiation.

The temper; ture of tile device is determined by a thermocouple

localed in the holding rod between the upper and lower coils.

The outline _nd mounting dimensions for the Surface Magnetic Suscepti-

bility !nslru:'nent are shown on TEl drawing No. 387-ZS3-OM (Figure

25). The maximum height of the instrumen* is 12.015 inches and

the maximuTn diameter 4.218 inches. The weight of the ins*rument

is 0.575 lb, and the location of the center of gravity is indicated in

Figure g 6.

The electrical requirements of the instrument are 0.011amp rms at

5 volts rms and 3800 cps.

5_ 3 Testin_ and Calibration

5.3. ! Resu:ts of Functional Tests. This section covers the calibration

results obta ned in the tinal acceptance tests seen prior to shipment

of the magnetic susceptibility instrument. Details of the procedure

are given in TE! Specification 387-253-97 (6).

The following samples were used to calibrate the Surface Magnetic

Susceptibility ]nstrument:

• . ferric chloride solution

2. }000 ppm (t)y volume) iron

filings in sand

3. 300(', ppm iron f_lings in sand

4. 10,000 ppm iron filings in sand

5. 30,(_0L; ppm iron filings in sand

6_ 10O, c300 pp_ "ron _ilings ir_ sand

7o 500,.000 ppm iron filings in sand

8. 100% iron filings

S = 59. Z x i0 -_' cgs units

S = 197 x 10 -6 cgs units

S = 59i x 10 -c° cgs unite

S = 1970 x 10 -6 cgs units

S = 5910 x l0 -_ cgs units

S = _9,700 x lO -6 cgs units

S = 98,500 x I0 -s cgs unigs

S = 197,000 x IG -6cgs units

The magnetic susceptibility. S, of the ferric chloride solution was

determined b V meaguring the specific gravity of the solution and
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determln_ng :t1_ por,:ent of FeC1. ir solution at the test temperature

(7). qhe voTurnetrtc magnetic susceptibility wa:; then determined by:

S:Xpd

where S is the vo]uvaelric ma_nellc susceptiblli_y, X is the specific

susceptlbili',v of FeCI, (86. Z x I0 -_ cg_s units) , :) is the percent

FeC1, in solvtion and d is the specific gravity _f the solution.

To de_ermine _he magnetic suscep_lbllily of *he m_x*.ures o r _and and

iron f_lmg '¢he instrument wds placed _n turn on each of the n_ix_ures

as well as on _he ferric chloride solutmn. The results were plotted

with the abscissa _n ppm iron filings in sand and the ordinate in units

of output vo]*ageo Then from the known paramelers for the FeC13

{output voltage and volumetric susceptibility) a point was located on

a second graph with the abscissa labeled in magnetic susceptibility

units_ The _wo curves were overlaid and the Fe-sand curve arranged

so that, maintaimng the same slope, it would pass through the poin_

established by the FeCljo 3-he remaimng points were transferred tc

_he second graph, and the correlation of p t_niron in sand to magnetic

susceptibility was established.

To perform 'the cal:tbration the sarnples were placed in an outdoor test

area _o minimize the effects of ac f_elds present within the laboratory.

The instrument was connected as shown in Figure 27 and the null

voltage measured bys.aspending the instrument 3 feet above the ground

and away from any magnetic ma_eriaiso A temperature measurement

was also made in this position. The instrumen_ was then placed on

_he s-m)o_h and level surface of each of the Fe-sand samples and five

independent readings made of output voltage. A temperature reading

was nqade or. each. of the samples. _fhe measurement on the ferric

chloride solu'_ion was ma_!e by placing the insxr'.tmen'_ on a polyethylene

__ioaz restin_ on "_}-,e surface of the solution° Fi>ally the null voltage

,va:¢ a:¢ain p.-er, sured by suspending in air as before.

2V.easure:,T,e:_l,. were a]s._ made wi,'_h a /esv 3ig which allowed the ins'/ru-

men_ _o be held on the surfa__e at angles oi t5 _, 30 ° , and 45 ° from the

ver'tical. Th_s nne_hod of calibra,ion was used to determine the response

on uneven burface° Previous tests had been run with an uneven surface

mold composed of a polyethylene sheet which had been heated and

stretched to form various-sized h_lls and valley=° The mold was placed

an the _es% sample container and filled wi_h _.h_ :_ample material, The
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instrument was positioned at various places on the mold and readings

made, The repeatability of measurements was so poor, because of

difficulty in placing the instrument at the exact position each time

and in filling the mold exactly the same, that this method was dis-

carded.

The chosen procedure can be used to determine response if the ef-

fective volume of the: measured material of an uneven surface is

known. That is, the device may be tilted so that a like amount of

naaterial will excite the instrument.

Test time allocation allowed for only three independent measures at

each of four ang!es (0°:, 15 °, 30 °, and 45 ° ). Repeatability in ?abe

readings az each angle was within _e5% for the 1000 and 10,000 ppm

Fe-sand mixtures But decreased to approximately _-16% for the 100,000

ppm mixture.

5,3.1.1 Accuracies obtained,

Figure 28 shows the differential (output minus null) response

curve obtained, It can be seen that the curve for even surfaces

is linear from 59.2 x 10 -6 cgs units of magnetic susceptibility

to approximately 50,000 x 10 -6 cgs uni*s and continues to

200,000 x 10 -_ cgs units with very little roll-off. Repeata-

bility of voltage readings on all of the samples was within

±5% of the average.

The curve for uneven surfaces is shown for information purposes

to indicate the degree of error experienced.

5.3.1.2 Departures from JPL functional requirements.

The response of the instrument was not determined at a magnetic

susceptibility of 10 x 10 -6 cgs units because of a lack of suitable

test sa_=aples.

T>e ,_u_: eo_.age was Io5 my, whereas it w;;s specified as 0.3

_av ;_;axir',qmr, o This was caused by a_justing so that the mini-

:mum null voltage would occur below the expected operating

'temperature of the instrument, In this way there would be no

change in phase of the output signal throughout the Cemperature

range as specified. The current was |1 marms for 5 v rms at

3800 cps input,, The specified current was 10 ma rms_
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5.3.1.3 Departures from 2PLdesign specifications.

'The only departure was in the use of turret-type terrnin¢.Is

rather than fork-type.

5.3.!.4 General summary of scientific objectives obtained and ex-

pe ri_nental results_

The S,_r_ace Magnetic Susceptibility _nstrument wi]? tneasure

magr_etic susceptibility in the range frorn 59. Z to 107,000

x 10-" cgs units. The response is linear up to approximately

50.000 x 10": cgs units and extends to 197,000 x 10 -¢" with

a sli:;hz roll-off. The readings on each of the samples will

reDea_ within ±5%.

5.3.2 Results of Developmental Tests. This section describes the

testing prograrq carried out in the scientific development of the surface

magnetic susceptibility instrument, it covers the following testb:

I. Effec';s oi temperature differentials on response.

2. Comparison of direcl voltage measurements with the bridge-

balance method.

3. Response of instrument at t and 5 kc for input voltages of 5,

12.7, and 25 volts rms.

4. Null sensitivity versus frequency.

5. Nu;,l se_sitivi_y versus temperature.

6. Effectiveness of sun shieldo

7. Capabiiity of making conductivity measurements.

Failure reporls are not given as such, but a discussion of the results

obtained and th, _ ,, hanges made is included.

5.3o2. i E._fe, t- oi _ernpera_ure differentials on nstrurnent response.

A tie,¢e_.opn',entai mode! surface uai't was buiit identica_ with

"na'_ ased _n the [easibihty s_udyo The device was piaced on

a '¢es_ sample and exposed to uneven heating by an infrared

heat lamp. The change in output voltage which resulted be-

cause of differential expansion and shift in the null balance was

such tI-,a_ ma'terials having susceptibility less than 300x 10 "6cgs
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5.3.2.2

5.3.2.3

5.3.2.4

units would be obscured within the null shift. It was therefore

decided that a sun shield would be included to minimize the

uneven heating effects.

Comparison of direct voltage measurement with the bridge-

balance method.

P, ecat:se of ttle complexity of performing a balance functior.

remotely, especially by radio signals_ the desirability of

m;_king a dir_'ct output voltage measureInent was studied.

The output coil was connected directly to a suitable load re-

sistor (_0 kohm), and tile changes in output voltage experienced

on '¢he different samples were measured with an ac voltmeter_

The input voJtage was 25 v rms at 1 kc as used for the bread-

board model,, Figure 29 shows the comparison of the results

obtained in this manner with those previously found with the

bridge. It can be seen that the linear portion of the curve is

extended by the direct measurement technique. The range of

signals obtained was such as to be suitable for spacecraft

handling, and therefore this method was used in all future

testing.

Comparison of response at I and 5 kc for input voltages of

5, t2.%and 25 volts rms.

In or4er to conserve energy the spacecraft contractor requested

that the instrument be tested with lower input voltages and at

hi,her frequencies. Therefore the device was tested at I000

cps a_ad 25 volts input, the feasibility tes't, conditions, and at

reduced voltages of lZ.7 and 5 volts rmso The three test

vollages were also applied at 5000 cps_

The results obtained are shown in Figure 30. It can be seen

that the outp_at voltage decreases approximately as Cne ratio

of the input decreases. Increasing the frequency causes a slight

rounding at the upper end as a result of the eddy current losses

in t};e iron particles being greater at 5000 cps_ From these

data "2%was decided that the instrument would be operated with

5 v rrns input at 3800 cps_

Null sensitivity versus frequency.

To define the frequency-stability requirements necessary for

proper nuiling of the instrument, measurements of output in'

xir were made with the input varied 4-0..' and ±0.2 kc ab,_ut a
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5.3.2.5

center trequency of 3.8 kc. The detector used was an un-

tuned ac xo_lrneter. No noticable change }n null output was

experienced in either case. With these results the fre-

quency-stability specification was set at _0.2 kc for a 3.8-

ke input frequency. In cases where a tuned detector is

used the filter must vary directly with the input frequency

for the above condition to exist.

Null sensitivity versus temperature.

An extensive series of developmental tests was carried out

*o itnprove the null-drill-with tempe;-ature relationship as

found wilh the breadboard magnetic susceptibility instrument.

When 'the breadboard instrument was subjected to temperature._

from 20 to i50°C _he null voltage changed from 0.2 my rm8

to approximately 60 rnv rms. The change was so great that

it was extremely difficult to measure any materials except

those with large susceptibilities when the temperature of the

instrument was above 10O*C.

It was found that the holding rod was expanding to such a de-

gree that the coils were not maintaining their relative spacings,

and therefore the proper bucking was not taking place and the

null was not remaining constant_

The first approach to the soiution of the problem, was to use a

Pyrex glass holding rod because of i_s low coefficient of ex-

pansion. The result was a reduction in the null drift to 20 my

a_ i50°G. Further reduclion was required in order that

reaairgs at the low end of the susceptibility scale could be

made for all temperatures.

Furlhor study of the epoxy-glass characteristics pointed out

that ti,e coefficients of expansion for the material var_ed ac-

cordir',g to the direction of fibers m the material. It was found

'tha_ by proper choice of tengths and points of attachment the

expansion of the rod and that of the upper coil form could be

made to counteract each other, and the resultant null drift

could be minimized. Empirical testing resulted in the scheme

as used in the final assembly° Figure 31 shows the relative

effectiveness of the various methods employedo
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5.3.2.6 Effectiveness of sun shield.

A developmental model Surface Magnetic Susceptibility

Instrument similar to the prototype device was instrumented

with a number o[ thermocouples to determine the effective-

ness ¢,,f the aluminized sun shield and to verify that the

position chosen for the location of the uni t thermocoulc'le was

a suitable one. In all, I 1 thermocouples were located at

vario'ls poin,+s within the shielded area, and one was attached

to the outside surface of the shield at the focus of the heat

source and positioned Z inches from the shield.

The instrument was then placed on a sample of iO,O00 pprn

iron filings in sand and a reading of output voltage made at

ambient conditions. The heat lamp was energized and any

change in output noted° All thermocouple outputs were

monitored with a 1Z-position thermocouple switch and a re-

cording potentiometer.

tt was found that the output voltage did not change for approx:_-

rnate)y 5 rain, during which the temperature as indicated by

the thermocouple located outside the shield rose from 2.5 to

!08.5°C and that indicated by the instrument _,errnocouple

rose from 25 to 26o5_Co The change in output subsequent to

this _.ime followed the null drift as determined by a previou_

test such that by applying the proper correction factor the

output remained constan_ for the 45-min duration of the test,

Durir_g this 45-min period the instrument thermocouple in-

dicated a temperature r_se to 58°C, whereas the outside

shield temperature stabilized at approximately !12°C after

6 mi>. It was also found that the maximum temperature

reached by the inner surface of the Mylar shield at the focus

was ":5" C_

5.3.2.7

/v wa:_ determined from this test that instantaneous changes in

inci,4en',, radiation on _he shielded instrument would not cause

a change in output signal. Long-terr_ temperature change8

could be followed by the instrument thermocouple and the nec-

essary corrections to the output made.

Capability of making conductivity measurements.

S_nce i_ was known that the conductivity of a material influences
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the phase of the oulput signal, the instrumenl was connected
in the normal nlanner and measurement made on a number of
Fe-sand _amples and on iron slabs. It was (ietermined that

although the output would be saturated for !00% iron, the

phase angle would vary according to the fuse_ material present,

thal is, t',e conductivity. Sample phase-angle measurement_

are }00% _ron filing% 5°; boiler plate iron, 66.4 ° . In beth

cases the output voltage was approximately the same.

From these _es'_-sit was shown that the instrument could be

used _o measure not only magnetic susceptibility but ai_o

conducIivi_v and thus indicale if the material being measured

was of n=eteoritic origin.

5.4 Componenls Outline

5.4. 1 Notation and Explanation of Devialions from JPL and HAC Pre-

ferred Parts Lists. There is only one purchased component included as

part of the Surface Magnetic Susceptibility Instrument. It is the Cannon

DEM 9PNM com:ector, which was specified by HACo

5.4.2 Results of Component Tests. No tests have been carried out on

the connector except to verify that it would not affect the instrurnen%

response when positioned at the prescribed place on the instrument.

5.5 Packaging Philosophy

The packaging of the Surface Magnetic Susceptibili*y Instrument was

governed by the conditions of meeting the scien*ific requirements while

holding size and weight to a minimum,

The epoxy-_,,_-is_ laminate was chosen for the str'actura! material be-

cause of i_:snonmagnetic properties, high strength-to-mass raIio_

low coeffic!enV. ,:ff ex_ansion_ and relative ease of fabrication,

The requiremen't that the upper coil be free for positioning relative to

the lower coil pair during hulling, and that certain critical dimensions

should be maintained to minimize temperature null drift, necessitated

the collar arrangement used_

It was found in attaching the sun shield to the instrument that thermal

stresses would affect .'.he null output voltage when the shield was cernen_ed.



in place at }oth ends. Therefore, cementing was used at the lower
end on]y an_ *.heupper end left free to move within a pair of collars
at the top.

5.6 Theoretical Studies

The developmental work carried out on the Surface Magnetic Suscepti-
bility instrument was based on the feasibility study performed by
Texaco's Research and Technical Department a': Bellaire, Texas
(5, a, 9}°

5.7 Environrc, ental Test Results

5.7. ! Vibration Tests. The Surface Magnetic Susceptibility Instrument

was subjected to sinusoida! vibration in the vertical position according

to the following plan:

Frequency, cps Level, g's Time

10-40 Z. 5 6 rr, in 45 sec

40-1500 8o5 2 rain I0 sec

40-1500 5.0 11 rain 20 sec

3-8 0. 6-inch displacement I0 min

5-35 i.5 21 rain 40 sec

35-48 3. C 3 rain 20 sec

48-500 5. O 23 rain 30 sec

These xests ,mere ran without the sun shield attached.

,No failures occurred as a result of these tests.

5.7.2. Tem}.mrature-cyclin g Tests. In the course of the assembly pro-

cedure temperature cycling was carried out to varnish impregnate the

coils properly and to relieve any stresses in the materials. The in-

s:rument was subjected to three cycles from -65 to + I 50"C and held

fo_ a total _:,_ 3 hours at each temperature extreme.

No failures resulted because of these conditions.

50 8 1Recommendations

No_eo
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6. 1 S_ys,em Description

The Surface Density Instrument is designed to measure the density

of the lunar surface at a place adjacent to the spacecraft. The

experiment uti izes the gamma-gamma logging technique used for

several years :_V the oil companies to determi_e t}-e density of forma-

tions of the earth. In general, a radiation source (approxim¢.lely 40

mc, Ir 192) is located a known distance from a Geiger-Mueller counter

tube. The radiation is directed such that it impinges on the lunar

material beneath _.he instrument.. Tbe shielding is arranged so that

]ittle radiation passes directly from the source to the detector. The

density is dericed from the knowledge that the radiation received from

the source due to scattering is related to the density of the material

subjected to the experiment (10)o

Accurate rneasurements require that all background effects be ac-

counted for. This is accomplished by taking readings with the source

extended from and retracted into the shield. The source is positioned

in or out of this shield by means of a solenoid mechanism actuated by

earth c ommand.s _

Ambiguity in the double-ended density-versus-response curve is re-

moved by making two measurements, one slightly above the surface.

The instrument is lowered to the surface and supported on a set of

legs. After- the measurement the legs are released by means of an

explosive pin pallet, and the instrument falls to the surface, where

a second meas_rement is made.

Tempera*ure corrections to the data are made by measuring the tem-

perature of the counter tubes with a thermocouple.

The instrumen_ is also used to house a geophone employed as part of

the acoustic velocity experiment.

6_ Z Equipmen: Description

6.2.1 General. The over-all assembly of the Surface Density Instru-

._nent and acoustic sensor appears as shown in Figure 32_

The radioactiw.-, source (It 19a) is carried in a s!iding assembly with two

positive positions, _he apex of the forward cone shield and I inch inside
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the cone shi,_ld. The cone shield is constructed of Mallory lO00 metal,

a sintered tv, ngsten alloy.

The source-indexing Inechanism is contained wSthin the tube connecting

the cone shi_,ld witt_ the geophone housing. !t consists of a solenoid

which imparts motion to a slide assembly conta:nSng a tooth and slot

arrangement. The geophone housing acts as a ca--rier for the geophone

or acoustic sensor and as a support for the elevating legs and their

release mechanism. The elevating !egs are released by an explosive-

actuated pin puller and are secured before release by a 0. 187-inch-

diameter pi_ and four guide bushings. The Geiger-Mueller tube is

mounted behind the geophone housing within a rear shield assembly

also constructed of Mallory 1000 metal.

6.2.2 Dimensions an d Weight. The outline and mounting dimensions

for the Surface Density Instrument and acoustic sensor are shown on

TEI drawing No. 387-234-OM (Figure 33). The maximum height of

the instrument is 5.31 inches and the maximum width 3.56 inches.

The maximum length of the instrument with radioactive source re-

tracted is 10.87 inches, whereas with radioactive source extended the

maximum length is 11.87 inches. In order for the source-positioning

mechanism '_o operate, an additional 0.25 inch ef movement "_s neces-

sary. Therefore, a clearance envelope 12.12 inches in length is re-

quired to position the source_

The weight of the Surface Density Instrument and acoustic sensor is

3.gl±0.] lb. The _ocation of the center of gravity of the instrument

is indicated in Figure 33.

6.2.3

_o_rc_

Power Consumt_tion. Geiger-Mueller counter tube:

Voltage requirement, between 800 and 1000 v dc,

Actual set voltage for tube SerialNo. 3162,870 v dc,

Curren _ requirement, 10 bta peak pulse.

Counting rate, 5 to 1500 counts/see.

-pos'2tioning solenoid:

Voltage requirement for solenoid No. _, 2Z+6-4 v dco

Current requirement for solenoid No. 1, approximately 9 amp

dc at -125°C with 28 v input; 2 amp dc at 125°C with 18 v input,

Pulse length_ 100 msec minimum, 500 msec maximurn.
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Pin-puller squib:

Voll:-_g,: requirement, ZZ+6-4 v dco

Current requirement, 4 amp de minimt_m for each bridge,

10 msec minimum°

Ge ophone :

Voltage requirement, none.

Current requirement, none.

6.3 Tes*Jng :_nd Calibration

6o3, _ IResul;s of Functional Tests.

6.3.1.1 Explosive-_owering device°

The test was conducted to determine the stability of the instru-

ment as _ fell from the raised to the level position when the

legs were released (11). The test was run with a sand-filled

inclined-plane test jig, which was set at 0 °, !5", and 20 ° to

the horizontal.

The first test used a squib and pin-puller assembly as specified

for _he instrument. The device was placed on the test jig with

"..'he angle set at 0 ° The squib was fired and the action of the

instrument recorded on film. The remaining tests were run

wi_h a solenoid-activated pin-puller assembly because of the

inaccessibility of the proper squib-pin-puller assembly and

its prohibitive costs (approximately $1 50 each).

q.-he procedure used in the 'test was _.o place the instrument

with the legs in place on the inc!ined-plane test jig so that the

[ong.*t_dinal axis was parallel with the line of intersection or"

r_he ;nclined plane and the horizontal. The plane was adjusted

_o O,e desired angle and the solenoid mechanism activated.

• ]1The a:i.'.'tude of _he instrumen't after fa._:ng was then observed°

Upoq ::ompletion of the tests at each of the angles,

men_ was rotated 180 ° and the procedure repeated.

picture record was made of each of the drops.

the instru-

A motion-

Departure from JPL funclional requirement or design speci-

fications.

-',To detail requirements have been given.
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6.3.1.2

6.3.1.3

b. General summary of s_ientific objec'Aves obtained and

experimental results

Iq all cases the instrument fell within the legs in an up-

right position.

Source" -positioning solenoid.

The tesl was conducted to determine if tt, e source would ex-

tend and retract upon application of 18 and Z8 v dc to the

solenoid mechanism (1Z). The test was run at ambient con-

ditiors. !n both cases the _ource was pe_itioned as required.

Departures from JPL functional requirement or design

specifications

_'None _

General summary of scientific objectives obtained and ex-

perimental results

2"he source capsule may be extended from or retracted into

_he shield cone by a programmed signal from earth. No

power is required to hold the source in either position once

it has been indexed. This procedure allows for shielding

of the source except when density measurements are being

made

,..al_bration of the assembled instrument.

This section covers the calibration results obtained in the final

acceptance tests run prior to shipment of the Surface Density

Zns_rumen! {13}. Data are presented here for all sample mate-

rials on hand. whereas the acceptance _est booklet contains re-

subs from only the six original samples.

]

1

<

_'he following samples were used to calibrate the Surface Density

Sample

Ba]sa

Lava

Fluorapatite

Rutile (TiOz)

Density_ N/cm _

0.17±0.0051

0.65±0.0072

Z. 68±0.0176

4.0_0o0300
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Sample

Austin chalk

Ohio sandstone

Barium sulfate (BaSO4)

Iron carbonate

Georgia granite

Carthage marble

Vermont granite

Virl_,inia slate

Powdered iron

Virginia greenstone

Hematite

Manganese hubne rite

(MnW04)

Lime stone

Zinc sphaterite

Sand

Kyani te

Density, g/cm 3

l. q3_:0.0136

Z. 09+0.01 24

4.26+0. 0278

3.88+0.0237

2. ,',Z:k0.01 50

2. ,),4:tO. O172

Z. 65-+0.01 52

Z. 34:t:0.016Z

7.9_0. 0452

2.95_:0.01 67

4. ?5:t0. 0343

6, 80i0. 0417

2.27+0. Ol 24

4. O7-'O. O249

2.64+0. 0157

3. 5640. 0287

The densities of the consolidated samples were found by

measuring the dimensions to ±0.02 inch with a 24-inch

machine divided scale and measuring the weight to 4.0.25

Ib with a 1000-1b-capacity platform scale°

The densities of the unconsolidated samples were found by

weighing approximately 50 cm 3 of a material to -+-0.05 g and

then pouring the material into a burette partially filled with
3

water. The change in volume was measured to 4.0.5 cm

and *hen tile density computed in grams per cubic centimeter.

The accuracies obtained for the samples are as shown in the

_receeding listing.

The samples were placed in an ou:door test area in an en-

vironment with natural background only_ The radioactive

;iridium-192 source capsule was installed in the instrument

and the instrument connected as shown in Figure 34. Measure-

ments were made on each of the sampleso
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a. Accuracies obtained

Figure 35 shews the response curve obtained. It can be

seen that all consolidated materials fall withir 0. I g/cm )

of the curve. The response measured on the chalk

(0 -- l. 93 g/cm _) repeats within 3.5°70 or :_0. 048 g/cm_0

AI.'.,. unconsolidated minerals except barittrn suKate

ar;d rn;mganese hubnerite fall well off the curve.

b*

Co

dQ

Departures from JPL functional, requirements

Most unconsolidated materials do not fall within 0. I g/crn _"

of the curve. An accuracy of 0.02_ g/cm "_ was not attained

at a density of 1.95 g/cm 3.

Lack of testing time and shortage of sample materials

dictated that tests could not be run to determine accuracy

on protuberances up to l0 cm_

Response of instrument at 0. i g/cm _ was not determined

'because of a lack of suitable test samples.

Departures from JPLdesign specification

No departures.

General summary of scientific objectives obtained and ex-

perimental results

It can be seen from the carve siaown :hat the response was

essentially linear from 0.65 to 4.0 g/cm3. This lineari'_zy

probably extends to the maximum point of the curve, which

is approximalely 0. Z R/cm 3. Materials with densities be-

zween 0. and 0. Z g/cm _ presumably lie on a s'traight line

passing through the point established by the balsa wood

sample (p = 0. 17 g/cm3). Readings above backgroand are

still detectable out to a density of 6.80 g/cm3, The change

i_: response which takes 9!ace wher, the instrument is raised

,_,_. i_s legs is a_so shown. It should be r,,o'_ed _:hat the reading

:r>creased on the balsa, although development tests had in-

dicated tha_ i_ should decrease. This change over that ex-

perienced for the developmental model is probably due to

scattering taking place from assemblies which were not

preser,,t in the previous model, such as the connector housing,

_he geophone and i_s housing_ and the pin-puller aseembly.

-!00-



e,t

w...

,o

Z

o
o.
,I/'_

bul

2000

L

Z

_r 196,, 45.7 mc

BACKGROUND PLUS DIRECTS, 8.5 counts/sec

Q 2 3 4

DENSITY_ g/cm_

¢

FIGURE 35. CALIBRATION CURVE OF THE SURFACE DENSITY

INSTRUMENT

_.i



6.3.2

6.3.Z_i

The restraining discussion concerns the response oh-

tattled on the unconsolidated materia!s, ha all cases

the unconsolidated materials except barium sulfate and

r_,anganese hubnerite fell to the right of the curve; that

is, the measured density was less tl_an the calculated

d:_nsity. This characteristic can be exp!ained in .art

by recalling the method used to calc:_late the sample

densities. In the case of the consolidated materials the

d :nsities were obtained by determining the weight and

paysical dimensions of the stones_ and thus the density

i,; bulk density.

The densities of the unconsolidated inateriais were found

by the displaced-water n_ethod of determining volume and

thus are specific densities. This method of measuring the

dnconsolidated materials was chosen because of the dif-

ficulty in repeating a volume measurement for a powdered

or granulated material with any degree of precision since

the amount of trapped air was not constant. The degree

of scattering and absorption of the radioactive energy and

thus the response of the instrument, however, is a func-

_ion of the electron density of the material, and since some

air is present, the net result is an averaging of the heavier

mineral density and the lighter air density. It is not under-

s_ood at the present time why the barium sulfate and man-

;:anese hubnerite fall on the extension of the curve defined

by the consolidated samples. Further work is required to

define accurately the above phenomenon so that the neces-

sary compensating factors may be applied to the measure-

merits obtained.

Results ¢,f Developmental Tests.

i_eg- J topping mechanism o

a° Outline of tests conducted

The following tests were performed on the leg-dropping

mechanism of the Surface Density Instrument and

acoustic sensor to evaluate performance.
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6.3.2.2

Mec_aanism actuated with a soleroid-actuated pin

pulle r.

Mechanism actuated with an explosive-actuated pin

puller.

The tests outlined above were conducted at 26"C.

bo F;_ilure reoorts

T;_e ies_tru_u_ent would not fall ,'ree!': within the ]egs with

the 18-8 stainless-steel guide p_ns as shown in Figure

3Z.

c. Summary of corrective measures employed

The 18-8 stainless-s,eel guide pins were replaced with

guide bushings fabricaied from TFE Teflon.

d. :Summary of experimental results

_n all tests following the incorporation of the Teflon guide

bushings the instrument fell freely within the legs.

Source-indexing mechanism

ao Outline of tests conducted

The function of the source-indexing mechanism is to move

the radioactive source I inch upon a command from the

spacecraft and return it to its initial position upon a second

command from the spacecraft. The mechanism is to Bold

the source in either of its two extreme positions without

power consumption. In the actual mechanism a solenoid

imparts linear molion to a slide assembly containing the

source. A series of teeth, in a rather-type configuration,

and a spr.ng provide Yhe holding arrangement. The teeth

work against an indexing pin" this combination provides

".he proper rotary alignment of slots, pin, and, teeth "_o

._,:cornolSsh the actual positioning of the mechanisrc,,_

The "_es_s performed during the development of thi8

mechanism were designed to eliminate the following modes

_r failure:

Failure of the indexing core due to mechanical failure

or damage to the teeth,
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2. Failure of the indexing pin due to impact.

3. Failure of the solenoid due to e×cessive current flow

tb, rough the windings.

The mechanism was to operate frorn an unregulated bus

a, 22*6-4 volts dc thr-,ugh a tempe:-ature range of -65

to ! 50 _"C.

The extreme conditions for operation therefore were a_

follow s :

I. At. 18 volts dc (22 - 4 volts) ard I50°G when the re-

sistance of the windings was a maximum, the voltage

a minimum, and therefore the solenoid force a mini-

mum.

2. At 28 volts dc (22 + 6 volts) and -65°C when the re-

sistance of the windings was a minimum, the voltage

applied a maximurn, and therefore the solenoid force

a maximum o

Since the force provided by the solenoid must compress a

spring for the mechanism to operate, the spring was

chosen at condition t. The maximum force which was

provided by the spring could be no greater than the mini-

mum force provided by the solenoid under the specified

conditions. At condition Z the force provided by the

solenoid was in excess of the force absorbed by the spring

and provided the worst condition for mechanical failures,

An area of 0.21 in. z was available for the solenoid windings.

Figures 36 and 37 are the result of calculated values of

length and resistance of the windings which could be fitted

into this area; 28-gauge wire was chosen as it would sup-

ply the necessary ampere-turns without an excessively

large current flow through the windings_

The following tests were performed on the developmental

model of the source-indexing mechanism (Figure 38).

A_ 150*C and 18 volts dc tests were performed match-

ing the spring force to the force provided by the
s o le noid °
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_4 The ._ource-indexing mechanism was then tested

under the following conditions:

(a) 150°C and 18 volts dc

(b) 150°C and 28 volts dc

(c) Z6°C and 18 volts dc

(d) 26°C and Z8 volts dc

(e) -65°C and 18 volts dc

(f_ -65°C and 28 volts dc

in order lo eliminate the possibility of cold welding under

hard vacuum conditions and to provide a dry lubricant,

'the Mallory 1000 portions of the slide assembly were

coated with TFE Teflon 0. 002 inch thick.

In addition to the tests outlined above the following test

was conducted:

OQ

Co

'The windings were immersed in liquid nitrogen

(-_95.8°C) and a/lowed to reach equilibrium.

2. The windings were removed from the iiquid nitrogen

to 26°C ambient temperature, _nd immediately a

voltage of 28 volts dc was appli,-.d to the wS.ndingso

3. Th:,s voltage was applied for 22 sec_

Failure reports

Two failures occurred during the developmental testing,

:_oth ic, volving the indexing core. The first of these

:[Figure 39) was the mechanicai failure of one tooth and

occurred at 26°C with 28 volts dc a_plied to the windings.

Fhe material was Nylon ]0i. The second failure occurred

:Fiaure 40) with an identical indexing core fabricated with

"_?/lalron GS. This failure occurred at -65°C with 28 volts

_c z. ppi_ed to the windings. No other fai?.ures were ob-

;erved.

Summary of corrective measures employed

Since the observed failures were the result of excessive

aolenoid force, which developed from the change of ap-

Mied voltage and environmental conditions_ the indexing

core was strengthened by increasing the amount of mate-

-ial between the teeth and the ba!l socke% No further
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6.3.2.3

6.3.2.4

d_

f_,iluros were observed after this change was in-

corporated.

Summary of experimental results

The sc.urce-indexing mechanism w 11 operate satis-

f_ct,-.,miy wilh applied voltages of 22+6-4 volts @c

within a temperature range of -6.5 ,o 150*C.

Ge ophone housing°

a. Outline of tests conducted

Tests were performed at 150°C to insure that sufficient

clearance was available between the geophone cap and

the interior walls of the geophone housing to allow free

sliding of the geophone assembly within the housing.

b. Failure reports

Sufficient clearance was not al]owed with the geophone

cap as originally given_

c. Summary of corrective measures employed

The outside diameter of the geophone cap in assembly

was reduced to provide the necessary clearance.

d. Summary of experimental results

Subsequent tests substantiated that sufficient clearance

was incorporated in the design to allow free sliding of

the geophone assembly within the geophone housing at

1 50°C.

Scientific development.

This section describes the testing program carried out in

the scientific development of lhe Surface Density Instrument.

3t is broken down to cover shielding-material comparisons,

eslablishment of test-area requirements, comparisons of

response obtained for different radioactive source _T_ate-

ria'.s, oWArnization of source-shield cone angle, effects or,

response due to shmld removal, response of multiangle

cone shape:, method for removal of response curve am-

big-.aity, and radiation field strength measurement surround-

ing the device,

Since in general the test results did not lend themselves to

faJ!ure analysis_ the sections covering failure re_orts and

'11



corrective measures employed have been deleted. The re-
sults obtained and the incorporated changes are discussed°

b_

Lrransmission tests for shielding comparison of lead

and Mallory 1000

".Yhe agparatus was setup as showc in Figure 4].

Counting-ra_e measurements were, made as ]/8 inch

pieces of first lead and then Mallory metal were placed

in front of the collimated source container. _'i.gure 4Z

shows that for the straight portion of <he curve Mallory

_000 is about 10_0 more efficient a:_ a shielding mate-

rial than lead. That is, l/Z inch of Mallory 1000 will

provide the same shielding as 3/5 inch of lead. From

these results and because of superior mechanical

properties, Mallory 1000 metal was specified for "all

shielding sections.

Determination of the degree of scattering within test

laboratory

A G-M counter tube was connected to the scaler power

supply in the normal manner and a collimated radio-

active source placed a given distance away. A com-

parison of the response was made as the source was

positioned at three different distances. The results

are shown below:

Distance, in. Response, counts/see

30 3O69

60 1044

90 ";95

The source was 31.6 mc of iridiurn-i92. By the inverse-

square attenuation law and the 30-inch reading as stand-

ard, the counting rate should have been:

R_2sponse, counts/see

30 3069

60 768

90 341

These data indicate that scattering from the walls and

ceiling significantly affect the response and point out the

need for testing in outdoor areas.
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.Rad:oactive source comparison with breadboard density

ir_ _', rument

A lead model density device similar to that used at

T<,x:tco P, ellaire Laboratories was constructed and con-

ncc{ed to the scaler power supply. Response measure-

r_c::ls were made on the lava, chalk, and marble sample:_

to compare the iridium-19Z source w!th the cesium-137

used in the breadboard development work. The data

obtained are plotled in la'i_ure 43 along with the response

<'_rve as given in the Texaco Be!laire LaboratorSes

re_ort (14).

The instrument using the iridiunl-192 source produced

a substantially higher counting ra_e and a slope nearer

the ideal 45* and thus was specified for the prototype

irslrument. An additional advantage of this compound

is that its half-life is 74 days as compared with 30

years for cesium-137, and therefore the danger of lunar

contamination is reduced.

Ooti_nize source shield cone

Utilizing a lead developmental model density instrument.

tests were run to determine which source cone angle

would provide the best compensation for the instrument

when placed on simulated surface protuberances. Source

cone half-angles (from centerhne/ of Z6 , 36*. and 46*

were used with the instrument placed on simulated pro-

tt'.beranc,es of i, Z, and 3 inches. The resultant data ob-

rained from the tests on lava, chalk, and marble are

s_Jown in Figures 44, 45, and 46. The cu','ves are best

,._.,aiyzed by noting any major deviations in. response for

_te various cone angles at different t-,eights of the instru-

;-:c,e_t on the lava, chalk, and marble samples. It can be

q_'e._ that the Z6 ° and 36 ° cone shape,.: >.ave large dev:.a-

_'_o_"_s for certain combinations of i.nstrument position

a_d sample material. The 46 ° ccne shape provides the

least deviation and was chosen (45 ° ) to be used on the

prototype model°

Effects of shield material removal on instrument response

A Mallory metal developmental instrument was constructed

-1!5-
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si:nllar to the lead breadboard unit, and tests were run. to

determine the amount of shield:ng which could be re-

_:_oved without materially affecting the instrument

response. The results obtained a-e shown in Figure 47.

'?he indicated change,_ were incorForated into the pro-

totype unit.

Resp_.nse of multiangle cone.

in order to reduce weight further, a l_ultiangle cone was

fabricated to provide the 45 ° half-angle on the lower

_;ecti(_n as required for proper fu_ctional operation and

a 22.5 ° half-angle on the upper section to provide the

necessary shielding for the other sensitive instruments

located on the spacecraft. The results obtained indicate

that the functional reqmrements were not compromised

by removing shielding from the upper section of the cone.

A later change requiring additional spacecraft shielding

necessitated a redesign which resulted in the final con-

figuration as shown in Figure 32.

Determination of height above surface required to raise

the instrument to remove ambiguity in response curve

The Mallory metal developmental model with wire leg as-

sembiy was positioned on the balsa wood and lava samples

with the counter tube end of the instrument level and

raised 1, Z, and 3 inches above tee normal position and

_he change in counting rate between the raised and level

oositions recorded. The results are shown in Table !8.

_Tigure 48 shows the change in re_aponse obtained for

measurement made on balsa, law:'_, chalk, n-arble, and

barium sulfate with the density in:;trurnent in the level

position and then with the detector end raised an additional

3 inches°

i_'ron:, these data it was deterrr:ined that a two-position

measurement could remove any ambiguity in the re-

sponse curve_

Radiation field strength around instrument

The developmental model density instr ent with the 22.5 _-

45 ° half-angle cone shield was placed _:. :i've ground in the
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TABLH 18

CIIANGI-Z ;N INSI'FtUMIqNT RhL%i_ONSE ON BALeA PND I__\VA

WITtt C;(DUNT;r;R I'UBF; ttAI.'qLI) I. d, AND 3 1NCIII;F, ABOVF2 NORMAL

F(e sl_on se

Materi._', inslrument Position counts/n_ip av counts/sec

Balsa Level

Delector up I in.

Detector up 2 in.

Detector up 3 in.

ha va he we i

Detector up I in.

.")*'lector up 2 in.

41.76Z

41.713

41_374

42,058

41.908

41,374

40.536

40.631

40p437

38,569

38,161

38,412

42. Z4Z

42. Z57

4Z. 501

52.593

5Z,650

5Z. 536

53.866

53.380

58,484

58,187

56,877

56.387

53.581

53,895

695

694

675

640

705

876

89_

97?.

943

895
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center c,,fthree conct'nlric circles with radii of 5, I0,

a_d 23 ft. An Anton No. 356 counting tube was posi-

tioned at various angles around the circles and at

diflerent heights to measure the counting rates due to

_ 40 rnc iridium-t92 source moun_ed in the density

ins*rt;rnent. The purpose was to see i( sufficient

shielding was provided to protect the sensitive area

of the spacecraft from excessive radiation fieIds.

The results obtained are shown in Figures 49 and 50

(or ihe source in the exposed and retracted positions,

The field-strength requirement at the time of the test

was :hat the counting rate be less than 0.01 mr/hr for

a I cm 2 area 344 inches from the source situated within

,,he shaded area of the cone. The data obtained indicated

that the level would be approximately 0. 003 mr/hr with

the source exposed and 0.00065 mr/hr with source in

the shie!ded position_

6.4 Components Outline

6.4. 1 Notalitms and Explanation of Deviation from JPL and/or HAG

Preferred Parts List. There are seven purchased components

included in the Surface Density Instrument as follows:

_,, C:mnector - Bendix Pigmy PTSOZA-14-18(005}

Z. Connector - Bendix Pigmy PTS06A-84S{300)

3, Squib - Per HAC Spec. No. 236182-1

4, l_in Puller Per HAC Spec. No. 236170

5o Geiger-Mueller counter tube - Anton No. 356

_ G,'opbo_e - Ha!i-Sears Model HS-J

7, Radioactive Source - Technical Operations sealed source

The conneclors are JPL/HAC approved. The ._q_ib and pin puller are_

being qualified by HAC. All other components are special and do not

fall under classifications within the approved parts list of JPIq/HAC,

Therefore, limited qualificatmn testing was performed prior to inclu-

_;ion of these _ar_,s in the prototype instrument,
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6.4.2 Results of Comrmnents Tests.

6.4. Z.I Gei<er-Mueller counter tube.

An Antc)n No. 356 Geiger-Mueller co,.mter tube similar to chat

utilized _ lhe feasibl]ily study was subjec:ed to the tests

d,-scri",e,-1 below to determine if it would survive the environ-

mental tesls as specified by HAC (1 5).

a. Owtline of Tests Conducted - First tube

l. Static acceleration

(a) 10 g for 4 rain

(b) 5 g for 8rain

2. Vibration - sinusoida! (two planes)

(a) Nominal 1o3 g from 5 to !0 cps for !8 rain

(b) i!.3 g from 10 to 35 cps for 16 rain

(c) 3.0 g from 35 to 48 cps for 4 min

(d) 5o0 g from 48 to 500 cps for 25 min

3. Vibration - random and combined sinusoidal (two planes)

(a) 15 grms wga 15 to 1500 cps for 10 see

(b) 10 grms wga 15 to !500 cps for 3 rain

(c) 4.5 g rms wga 15 to 1500 cps plus 4.5 g super-

imposed sinusoidal 40 to !500 cps for 7 rain

4. Temperature cycling 25 to -65°C and 25 to i50°C

for total of 4 hours at each temperature

_. ,_.ooling to liquid-nitrogen temperature

_ailure reports

The tube used in the qualification test_ (Serial No. 6132)

successfully survived all static acceleration and vibration

{e_{s arJd the temperature-cyclin._ tests.. _.t was not sub-

je_ _.ed to the liquid-nitrogen survival ".ests_

From these results and from the knowledge that no other

vendors had off-the-shelf tubes which could fulfill the

dimensional and scientific requirements, and since that

time did not allow for tube development, the tube was

specitied for use in the prototype model. Tube No. 6132

was delivered as part of the surface prototype instru,ment,
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:-':ISUR _- 49. RAD!AT' _ ,'-':_EL_I :O N ,, D STRENGTH VERSUS D3ST,&NCE---SOURCE

EXPOSED

RESPONSE _S IN COUNTS PER SECOND

CIRCLED NUMBERS INDICATE COUNTER

TUBE HEIGHT ABOVE SURFACE

200 counts/sec _ I mr/hr

ACTIVE CROSS-SECTIONAL AREA

OF COUNTER TUBE,_-7.Tcm z

Ir=gZ_ 40 mc

-1Z6-.



D"

FIGURE 50. RADIAtiON FIELD STRENGTH VERSUS DISTANCE--SOURCE

RETRACTED

RESPONSE IS 6N COUNTS PER SECOND

CIRCLED NUMBERS INDICATE COUNTER

TUBE HE_GHT_BOVE SURFACE

,_...._nn counts/sec _ i mr/hr

ACTIVE CROSS-SECTIONAL AREA

OF COUNTER TUBE_'-'?.?cruz
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A- ,,._!,._ "t the tests ccnducled on fu{ure tubes and failures

reporls are given below.

,I

1
.m

m_

Tube No. 6139 was submerged in 11quid nitrogen after

havinf been wrapped it: a polyethylene bag. q'be tube

f;t_led,, The cause of fall, ure was f,,und to be cracked

glass at seal-off end and separated ground wire.

Anion tubes No. )2 and No. 20 were subjected to sinu-

smda! v_bration of 10 g's from 20 '_o 3000 cps for Z0

rain. Both tubes failed. Failure was caused by cracked

ceramic seals at exit point of anode wire.

All of the above tubes milized pigtail leads as a means

for connecting to the tube° In all cases the anode or

cathode wire separated from the tube as a result of ex-.

cesslvely high pressure used in cr:mping the wire in the

holder.

At tt_.is pont a source inspection was held at the vendor's

p;ant _o determine possible cause for tube failure. The

inspection revealed an unusually lax quality control practice

and a poor state of housekeeping_ it was recommended tha_.

the pigtail leads be replaced with salder lugs so that TEl

might attach the wires as required. The vendor assured

us that any faulty tubes would be replaced but made no at-

tempt to improve reliability.

The tube h_s_ory for subsequent _ubes is given below:

. Tube Noo 100 was run through _he temperature-cycling

_.e._;to The tube ta_led because of poor high tempera-

',ure characteristic.

Z, Tube Noo I01 would not function upon receipt.

3_ Tube No. 6202 withstood temperature-cycling tests,

but: the plateau characteristic did not o"+. --- m...., acceptance

_est specifications.

Tube Noo 6207 successfully passed limited vibration

'_es* and all acceptance _e, ts except it was not ._,_ubjected

-1Z8-



Io liquid-nitrogen survival. The tube ,*as used in

Ii_e Subsurface Density Instrument.

Other tube manufacturers, Amperex tElectronic Corpora-

tion and 'CON Corporation. were contacted so that a

second source of more reliable tubes could be found.

Both organizations were interested in designing tubes

'o our specification. Amperex was chosen to deliver

ten tubes on an approval basis. Three prototype tubes

h,:ve been delivered and are presently undergoing quali-

fi_zation tests. Amperex was chosen because of their

,experience in building high-reliability tubes for use in

well logging and because of their manufacturing tech-

niques and quality assurance practices. It may be ad-

visable to have EON supply tubes as a backup source.

No tubes are presently being purchased from Anton-

Lionel.

6o 4. Z. 2 Geophone.

See Acoustic Velocity section of this report for test result_.

6.4,Z.3 Radioactive source.

Fabrication of sealed radioactive source capsules is con-

trolled by AEC regulations. Wipe tests as specified by the

National Bureau of Standards will be performed at the re-

quired intervals to determine if the capsules are intact (i6).

6.5 Packaging Philosophy

Basically the p niiosophy employed in the mechanical packaging of the

Surface Density Instrun_ent and acoustic sensor was as follows:

] 4o
J

Attempt _.o contain the instrument within a minimum

,._velope while maintaining dimensiops critical for

r.L__, scientific experimer, ts

Kzep the total r_ass of the instrumen:: as small a_ pos-

sible.

Provide :for ease of maintainability.

Insure that the instrument would function as required under

the expected environmental conditions°

_zg-



Two dimensions were cri:ical for the density experiment. These
were Ihe distance b,:-tween the source, when extonded, and the Geiger-
Mueller tube and the elevation of the Geiger-Mueller tube above the
surfac(, ,ashenl qe in:_trument was ii_ its elevated position. From the
first of *hess" _he over-all length of the instrument was fixed° from the
second tY,_eover-all height. Stability requirement,s determined the
v'idth of the legs and, therefore, the over-all w:dth ef the instru_nent.

Of the total weight of 3.Z1 lb the material necessary in shielding the
radioactive source comprised Z. Z3 lb or 69.5% of the total weight.
The geophone, or acoustic sensor, incorporated within the instrument.
added 0. 13 Ib to the necessary scientific weight. Therefore, packaging

operations controlled only 0.85 lb of the total weight or 26.5% including

structure and mechanisms.

Ease of installing replacement parts was provided whenever such an

arrangement would not adversely affect the operation or structural

soundness of the instrument. In rr_st instances the operations re-

quired consisted of the removal of threaded fasteners.

Functional tests were performed on all moving parts under the critical

environmental conditions to insure their satisfactory operation.

6_ 6 Theore'_ical Studies

The developmental _,ork performed for the Surface Density Instrument

was based on feasibility studies carried out at the Texaco Bellaire

Laboratories. Results of these studies may be found in their reports

(9, o

6.7 Environmf:ntal Test Results

6, 7. ] p_tlrcb:_)!¢/d_C_,mponents. Th- environrnen_:al tests conducted on the

:,,urc},7,._u:'d co_':_p,,r_,";_!s a re des, _ribed in ",he co:n_o_er_ts outline section,,

6.7. Z Assemblies. Testing carried out for the assemblies is described

in lhe developmental tests section.

5.7.3 Complete Instrument. No environmental tests have been run on

the completely assembled instrument.
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6.8 Rec o.,_nn_.... da_ons

• In order to reduce weight and systenn comp!exity the leg and

leg release assemblies should be removed from the _.nstrument.

De!aii comments are given in Appendi_ F, an internal merr_e-

ra_dum dated 4 April 1962.

_e A cover should be added _o the cone shield section to enclose

tile source when in the extended positicn De_all_ are given

in ;-n internal memorandum dated 4 April lO62 (Appendix C).

Q Detail studies should be carried out to define response char-

acteristics on unconsolidated materials.

4_ The solenoid low-temperature operating requirement should

be limited to that of the counter tube (2,25°K) to improve

reliability by lessening the danger of impact damage to the

index mechanism.

o Positional-stability requirements should be established for

the instruanaent.
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7. SURFACE PENETRABILITY INSTRUMENT

URD 28, 29, and 30

Control Item X239235
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7.. Sys'_em Descrip.J2on

The Surface Penctrability Instrument consists of a -)iezo!ectric-type

acce!erometer wilh a specifically shaped impact tip. It is to be

mounted on a pivoted-arm bracket (ttAC) and dropped, one from each

of three s_acecraft leg:;, causing tim in,pact tip to strike the lunar

surface at about ,i ft/scc. Two of these tips are co'npound conical

tips and one is bemisplerical the conical tip offers the better refor-

mation upon impact with a hard material, such _s rock, whereas

•,.he hemispherical tip gives somewhat better results in sand.

The output of the instrument, then, is the deceleration-time history

of its impact with and penetration of the lunar surface. From this

record several distinguishing characteristics may be obtained:

a. Pulse height, maximum or mean, in units of acceleration.

b. Pulse width, in units of time.

co Characteristic shape, including bounce, harmonics, etc.

do Slope or rate of deceleration, in units of acceleration per

unit time_

e. Velocity and displacement histories, obtained by successive

integrations of the curve.

Thus the lunar surface material is to be classified in terms of equivalent

earth material by the comparison of its characteristics to those ob-

tained in the laboratory°

7. ? Equioment Description

The physical parame_e,rs of the penetrometers are as follows:

ao Dimens._ons, over-alI: 1.00 inch in diameter by 1.712 inches

in le>g:',, depending upon the thickness of the HAC bracket

(assumed 0.038 inch).

bo Weight: conical-tip models (URD Z8 and 2-9) weight, 4Zo5

grams (0°09,t lb). Spherical-tip model (URD 30) weight,

45 grams (0°099 lb). Total weight, 130 grams (0.287 lb)°
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C. ,o,e_Ir_(al connector required: Microdot Series 32 screw-

type or Endevco 3090 low-noise cabie assembly.

The dimensions and center-of-gravi,y locations ate shown in Figure 51.

The materials are as follows:

a. Acceleromcter case: Type 303 stainless steel.

b. Accelerometer stud: Type 416 stainless steel with magnesiu,m

oxide insulation.

c. Tip base: ZOZ4-T4 aluminum, clear st-lfuric acid anodized.

d. Hardened tip (conical) : M-2 HSS hardened to Rc 60-65

The accelerometers are Endevco Corporation Model 2233MII with a

modified Z980B insulating stud,

The accelerometers do not consume power; they are piezoelectric de-

vices, The Endevco 2620 charge amplifier used with the acceierometer

(not TEI furnished) requires +28.5 volts dc +9% and draws Z5 ma or

0.714 watts,

7.3 . Testing And Calibration

7.3. 1 Results of Functional Tests. The penetrometer final acceptance

tests were reported to JPL as our TM-1330 (18). This report will not

show all the oscillograms in TM-1330, although some of the data wiI1 ap-

pear here.

In general, th,ese lesLs were carried out on the test fixture shown in Fig-

ure 5Z. They were performed on man-made materials for maximum re-

producibility, on nalural materials to study characteristic deceleration

curve shapes, and at high and low temperatures and under vacuum con-

ditions to simulate environment. Oscilloscope traces of the instrument

dece!eration were photographed and the decelera"ion in g's (maximune_

,,'a),ue of a me;,n line) and the width of the pulse at the base _,_.ne in mii!i-.

seconds were measured and recorded.

"7.3.!. I Accuracies obtained°

Tables 19 and 20 show that the repeatability of maximum de-

celeration and pulse width on man-made materials varied

from 3.9%, (maximum variation from average) on gum rubber

to '__. ?,% on aluminum. On natural materia!s 25% was not un-

coramon, as can be ,seen from Table g",
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'rA B LE 19

TYPICAL PULSE DIMENSIONS ON MAN-MADE MAT>ZB.I]_.I_q

3-inch Drop Height

Material

U rethane Foam

Gum Rubber

Lead

Aluminum

Mild Steel

Tool Steel

Tip _

Conical

Spherical

Conical

Spherical

Conical

Conical

Conical

Conical

Room Temperature

Pulse Height,

Earth g',s

1Z. 1

12.5

Pulse Wid<h,

msec

14.9

15,,8

9.72

9.92

17.7

17.8

42.5

41.7

7.99

8.05

62. Z

62.6

4.84

4.83

] 56

154

1.,06

1.01

324

325

751

747

2490

1400

C.18

c.16
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TAB LE 20

PARTIAL RESULTS OF PENETROMETER CALIBRATION TESTS

Accelerometer Serial No.

Gum Rubber. Spherical Tip

Aluminum, Conical Tip

Mild Steel, Conical Tip

Run 1/29/62-2/3/62

Pulse Height, g's

DA58 DA59 "DA60

Pulse WiCth, msec

I_A58 DA59 DA60

62.6 62.6 59.9 4.86 4.39 4.86

62.0 63.1 59.3 4.88 4. 9C 4. g=J

318 314 303

325 319 304

718 774 771

719 771 771

!70.435 0. ,43 0.427

G. 425 0. 530 0. 420

0. 224 0. 242 0. 236

0. 224 0. Z41 0.2-39
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TABLE 21

"Y _I ]A L P[ LSE DIMENSIONS ON NATI'RAL _ATERIALS

;-_¢_ l'rop -leight 1;. oom "?era per a ture

Pulse H._ight, Pulse Wid '_a,

)viat ,ri, 1 Tip. Earth _ msec __

Pum_ice (P, ,w le ed) Conical ._. _ 3 I". f
_.:Z 1'_,- (

1-'amice (lm(,w le_ ed) Spherical 6. t3 1 !;. "

6.25 !Y._

Sand (;onical l Z.._ 1Z.

_Z._ .... -.

San(, Spherical 7. $ _ : 5. c

3. r5 17._

Lava Conical 80 3, 2

93 Z._

Lava Spherical 210 I. I

180 I.i

Austin Chal < C onical 222 0.7 _,'.

Z2£ 0.7 _-Z

_ar le Conical 58_ r,. 3 59

..... .;. 3 _{_

Qua2 tz Conical ZOO0 O. 1 3

1 800 O. I ?



It r_..... _-:be noted that _hc band is wide (2 to _a_ ,
'hTee orders of magnitude) and that repeatability will
i)r_bably be of secondary importance to characteristic
_orm as u_eful information.

7.3.1.2

7.3.1.3

7.3.1.4

;)c)artures from JPL functional requirements.

r_L has expressed a desire for a 5°/0_ ' of rep," tability• . oanct _.

of _axiI_unl deceleration and pulse width or 2,. 5_",- variation

fr,,m average on man-nlade materials and I0_0 on natural

m; to, rials. We have been unable to at':ain this accuracy tbu_;

fa<. It is believedthat the major dev_atioa is due tc, varia-

tions in the test materials.

Deoartures from JPL design specification.

We are aware of no departures.

General summary of scientific objectives obtained and ex-

l,erimental results.

'Fhe ability has been demonstrated to _roduce a signal that

represents the deceleration history of the instrument as it

strikes a surface. From this signal can be obtained the

characteristic curve form of the particular material under

test along with a calibrated pulse height and width, which

are measures of the maximum deceleration and the time

length of pulse.

ltepeatability between instruments has been shown to be gen-

rally within a 10% band on man-made materials and within

a 25% band on natural materials.

It may be noted from Figures 53 and 54 that the deceleration

varies linearly with the drop height up to a point_ Then in

unconsolidated material, such as sand, when the drop height

becomes high enough to cause the penetrometer to bury it-

self to its maximum diameter, the curve changes slope.

fiimi/arly, when the tip begins to chip or flake a consolidated

material, such as marble, the slope changes.

The instrument has been operated successfully at a pressure

of I0 -3mm Hg. Unconsolidated materials follow different

ra'ternso Powdered pumice becomes much softer in a vacu,am;
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i.e., the g value goes down° In sand, however, the opposite
• • .14._s true L,,e "/acuu_n causes the sand to r(sist pe_,etration.

ThSs can be seen in Table 2Z.

The Fenetrometer :.s rela!ive!y insen._:itive to te,_mperatures

from -60 C to 125'C as can be seen _.rorr. Tab!e 2-3.

I

7.3.Z Results of Devclopmental Tests. The origic_al work en t-_e penc-

trometer was d,)ne at 7exaco's Resea-ch and Techrical Department at

Bellaire, Texas, unde;: JPL Contract N-3355Z and was reported in _heir

Partial Report No. 9 (19).

The design at the time that TEl entered the progra_n consisted of essen-

tially the same accelerometer unit with a steel 60 ° tip. It was enclosed

in a vertical hollow tube and was released at the top and allowed to

slide the length of the tube and strike the test surface'

The decision had already been made that the unit would be dropped from

a pivoted arm and that one hemispherical and two compound-angle

conical tips would be used. TEl had only to design these units and de-

velop the test and calibration hardware and procedures.

7.3, 2.1 Outline of tests conducted.

a. Tests were made to prove the performance of the hem-

ispherical and compound conical tip when they were first

made.

b. _Tests were run to find a set of test samples, man-made

and natural, that would give a maximum range of deceler&-

tion values to reasonable intervals. At the same time an

attempt was made to select the most homogeneous of all

the materials for use in the repeatability studies.

C_ Tests were made to select the amplifier tO be used and

_!so to desensitize the accelerometer to prevent the

amplified signal from being clipped on the harder mate°

rials and yet retain maximum allowable sensitivity for

signal strength on low-deceleration materials,

do The calibration and final acceptance tests had to be developed.

Th!,s program turned out to be the most t_me consumi, ng of

_'_ the tasks_
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Material

Pumice (Powdered)

Sand

Lava

TAB LE ZZ

TYFiCAL PULSE DIMENSIONS IN VACUUM

-inch Drop HeightJ Room Temperature

Pressure, Pulse }-;eight, Pulse Width,

T____ mna Hg__ Earth i's msec

Conical 760 6.65 I Z. 5

7.88 15.4

10 -_ 4.19 17.5

3.95 12.7

Spherical 760 9.50 1 Z. 5
8.87 10.0

!0 -3 3.63 18.0

3.47 22.8

Conical 760 8.72 12.2

7.87 II.0

10 -3 13.8 6.7

14.6 6.5

Spherical 760 6.07 16.7

7.38 15.7

10 -_ 11.2 4.4

16.1 3.9

Conical 760 82 3.5

55 2.4

10 -3 71 3.6

73 3. Z

Sphe rical 760 130 1.4

130 1.4

I0 -'_ 170 I. 7

170 1.5
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TABLE Z3

TYPICAL PULSE DIMENSIONS AT TEMPERATURE EXTREMES

3-inch Drop Height

Temperature

-65°C

Room

Spherical Tip on Gum Rubber

Pulse Height,

Earth g's

6Z.6

6Z.O

Pulse Width.

msec

5.09

5.03

4.86

4.88

IZ5°C 61.1 4.89

6Z. 0 4.92
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7.3.Z.2

7.3.2.3

7.3.2.4

Failure reports.

No con]pcnent fallures have been exoerienced; however, since

it was Iclt that the accuracy of repeatability should be greatly

i;_proved, a great deal o r work was done in attempting cor-

rective practices.

Summary of corrective measures.

in a_ attenlpt to improve repeatability several modifications

w_'re made on the test fixture:

a. The unil was pinned at the correct drop height.

b. The pivot bearing was replaced with a flexure.

co The release mechanism was modified to improve align-

"ment of the penetrometer.

d. The diameter of the oscilloscope trigger spring wire

was reduced to minimize any force on the dropped unit.

e_ The mass and rigidity of the test fixture were increased.

f_ The calibration techniques were refined.

Summary of experimental results.

The procedures and techniques of calibration have been greatly

improved, although the repeatability has not improved to the

same extenl. The greatest single improvement resulting from

the effort is the increased quality assurance.

Tbo man-made test samples chosen for calibration were

ur,'tbane foam, gum rubber, hard rubber, aluminum, and

mild steel.

TE,, Endevco fi6Z0 Charge An_plifier was chosen as reported

in . _nemorandum titled "Feasibility o: Using a Charge

An-,pJifier with the Penetrometer," wh!ch is included in this

rer,c, rt as Appendix H.

The Penetrometer Final Acceptance Test Report (18) and the

PenetrometerCheckout and Calibration Procedure, included

as Appendix I, indicate the developed test and calibration pro-

cedures.



,d

7.4 C{,m_onents Outline

7.4, 1 Nc_aticm and ExD_a_nation of Deviation from JPL and/or I_AC

Preferred Parts Gist. The electrical connector on the ac-

celerometer does not comply: r_o miniature coaxial connector does.

The man ufacDarers fell _hat the connector, however, is a great deal

more reliable than a pig:tail. Two companies stated this opinion,

both based on pas;: experience.

7.4.2 Results 05 Components Tests. The purchased components have

been satisfactory in every case. The Penetrometer Test Booklet, which

will accompany each set of instruments, will show the TEl acceptance

tests run on t_he accelerometers.

7.5 Packag___g Philosophy

The only requirements of the penetrometers are that the tips be securely

attached to the accelerometers and that they be shaped so as to give

them the best possible chance of striking the lunar surface, even in a

severe depression.

The hardened tip is set in its base under pressure, and both tips are

torqued through the bracket and insulating stud (since the accelerometer

is case grounded) to insure good coupling. The diameter of the as-

sembly is kep _. to a mimmum to !essen '_he chance of the point being

held off the test surface by premature contact by some other part of

the instrument. This philosophy is also carried out by the HAC bracket.

7.6 Theoretical Studies

No such studies were performed.

7.7 Environrne;_tal Test Results

Environmenzai te,;ts: were made both on the comp,mer_ts as cone, portent

acceptance tests £see Penetrometer Checkout and Calibration Procedure,

Appendix I) and on the instruments for the Penetrometer Final Ac-

ceptance Test (,18) .

7.7.! Report of the Survival of the Instrument under Conditions of Its

a time,

Particular Environment. The instrument has survived, one at

li_'u ;a hi'" _ _ mrn Hg vacuum....... o._en temperature, 150°C, and _0 "s
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It has been oDer,_I('(!,9,..-65" and 125° at 10-* mm Hg vacuum.

7.7.2 Fa:_______ur__eReeD,)rt. There have been no in,3tr'zment failures.

7.8 Recommendaticns

I •

.

The pcnelr;)_neter test fixture .shou_a'' be nacunted on a heavy

plate to lessen the effecl of using a sn_all and there, fore high-

natural-frequency teal sample.

The accelerometers should be recalibrated with their

modified insulating studs by the manufacturer after their

acceptance tests but before calibration.

In view of the similarity oI results with the spherical and

conical tips on low-deceleration surfaces, such as sand,

the spherical tip should be abandoned and replaced by either

a single 60" point or by the compound point used on *dae other

two instruments.
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8. SURFACE ACOUSTIC VELOCITY INSTRUMENT

URD 24 and Z5

Control Item XZ39ZZ0 and XZ39ZZI
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8. 1 Svslem. Description

This experiment was designed to determine the sonic velocity of _e

!unar surface alon_; two overlapping paths by recording the time that

elapses between i}:e generation of a seismic wave by an electrically

fired explosive squib and its arrival at each of two detectors placed

in known positions relative to the source position°

The source shown in Figure 55 is designed to be lowered to the lunar

surface from the spacecraft, from which it must be acoustically de-

coupled, where it will, upon command, fire six explosive squibs in

succession. !t is desirable to put as much of the explosive energy as

possible into the seismic wave, but a certain amoun: of the energy must

be used to stabilize the source.

The seismic detector, or geophone, is a velocity-sensitive device

which generates a voltage when its spring-suspended coil is moved in

its magnetic field. One of these devices, shown in Figure 56, is

dropped from a leg of the spacecraft, and the other is an integral part

of the density device, which is lowered to the surface from an extended

boom approximately in line with the source and first sensor and some

distance away. They must alsobe acoustically insulated from _.ahe space-

craft.

An accelerometer in the subsurface sonde will be used as a seismic wave

detector and will also pick up waves generated by the surface sourceo

8.2 Equipment Description

The over-all size of the acoustic source is 3.95 inches in diameter by

3.03 inches high. Its weight without squibs is 0.348 lb, and with six

of the squibs used rot testing its weight is 0.488 lb. Since this unit

was built to _ake a squib with a 3/8"-20 thread and ft has since been

decided that a !/2': - Z0 thread squib will be used, this weight may

change. The po_,er r,_,qaired depends also on the sqaib selection_ w'ricb.

has not been mace at present_

The first acoustic sensor will fit in a cylinder 1.28 inches in diameter

_"" 2.62 ;_-_" '-:-'"I ...... _.s _,_g,,_ Its weight is 0. 19i ib, and it consumes no power,

being a voltage-generating device.
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FIGURE 55. ACOUSTIC SOURCE

F_GURE 56. ACOUSTIC SENSOR NO.i
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,T.

,_he_,' p,_ramele.":_ alonl, with cenler-of-gravity location of the source

anC f. rsI sensor i-ire shown in Figure 57.

The second ,ac_usllc s_'nsor is described in the surface-density section;

it rc_akes use of ;- geop},one identical to the one used as the first sensor.

Likewise, "he s:,b,',qrfz, ce sensor is described in a separate re_ort.

The source holdt'r material is 6061-T6 aluminum welded with 4043

wire. The asse,nbly is clear anodized, and the fee' are coated with

epoxy and siticcn ,carbide grit.

The sensor is copper and nickel plate on steel with ,clear anodized 2024-_4

aluminum cap and tripod. Fasteners are 18-8 stainless steel.

8.3 Testing and Calibration

8.3. 1 Results _f Functional Tests. The final acceptance and functional

test program for the sonic-velocity experiment was carried out at the

Jet Propulsion I_,aboratory between 12 February and 19 March 1962 by

JPL personnel with the. help of personnel from Tex_'_co. The final report

written by JPL on this program will cover the functional tests.

8.3.Z Results of Developmental Tests. Practically all of the testing

done at Texaco Experiment Incorporated was devoted to developing the

acoustic source and determining a satisfactory e>-p/osive charae size.

The acoustic sensor as developed by the feasibility study and bread-

board development program at Texaco Research and Technical Depart-

ment in Bellair, _, Texas, was quite satisfactory, b,Jt the source did not

perform well in the vacuum chamber and therefore had to be redesigned

on this contract. This _s reported in Bellaire's Partial Report No. 10

dated 21 August 1961 (2.0).

The acouslic source ,_;_d to be strong enough and stable enough to with-

s_ar_d the six sb. ots will, out failure or overturning a_d at the same time

c'._:!-,l_." eCficien_ v wi:h "he lunar surface_ The res_ lting source was able

to withstand six sho/s on sand in a vacuum of 10 -3 :rim Hg_

It is necessary to match the size of the explosive charge to the size of the

hole in the bottom of the source bowl since this hole determine_ the

amount of the generated blast energy that will be used to hold the source

down and the arqount that will be passed through togenerate the seismic
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v,'aw o This was determined by starting with a small hole and suces-

sivei?" testing and enlarging until the source left the surface when fired.

When the final squib selection is made, the size wi!l be more exact!y

bracketed by firing _he source spring-suspended in a vacuum chamber.

A reasonable source size was determined by relative signal stren _th

in a range of rnat_r!a!s as the equivalent: of 2 grains of Hercules _i-

Temp powder.

8.4 Components 'O_:,tline

The geophones were purchased as a stock item and came with cadmium-

plated cases. Between the stripping and replating operation and the

acceptance tests only two units out of the original 10 remained usable.

Steps will be taken to improve this by the use of specifications to the

manufacturer. Geophone acceptance test procedure is shown in Ap-

pendix J. Squib selection and qualification will be the responsibility

of JPL.

8.5 Packaging Philosophy

The source must be strong enough to withstand its blast, stable enough

to remain upright, and designed to put a maximum portion of its blast

energy into the seismic wave.

The metal thicknesses required for welding are quite sufficient to with-

stand the blast stresses. The shape is such that the feet are tripod

and as far apart as the a,;signed envelope would allow. The feet are

grit coated to give additional purchase on sloping terrain. The bowl

catches a portion of the blast wave coming from the squib and reverses

its direction; the :-e_ulting reaction holds the unit against the thrust

generated by tlae squib. The major portion of the b'_a,;t passes through

the hole in the bottom of the bowl and strikes the ground, generating

,he required seisr,ai< wave. The bowl must be far enough from the

grou-d to prevent a_v pressure build-up underr_eath the bowl; this situa-

_i,_n is also he2ped by making the radial path divergent so that the gases

can expand as they move out.

z,e sensor must be acousticaiiy coupled to the ground but not to the

spacecraft. The tripod base on the sensor was selected by JPL as

being satisfactory° The aluminum cap serves as an attachment point

for the I-{AC bracket and the electrical connector and as a shield for the

c onnecting wireso

-157-



All fa;;r_,ated ;);iris on both units aro aluminum to conserve weight and

anodized to prevent corrosion. Fasteners are stainless steel.

8.6 Theeretica] Studies

A shor I r_;C.}'erna_.ical study of acoustic waves in the lunar surface was

made and r,'_._cr_ed in Texaco Experiment _ncorpora,.e,_ TM-13c5 (Zi) .

.q.7 Gnv!ronrnentaI Test Results

Both the source and sensor have been operated at temperatures of -_0 C

and 150°C and in a vacuum of 10 -3 mm Hg but under only one condition

at a time. No failures were observed, but satisfactory operation of the

source will depend upon the squibs, which have not been specified.

g. 8 Recommendations

None o

A

.J

.,d

.A

,

-1 58_



I

.d

o...... <IrM.V, ARy OF" QUA !.,, FY'_ ASSURANCE

PRACTICES EMPLOYED

7he quality assurance practices employed during the manufacture of

the Surface Geophysical Instrument included the following:

I • Incoming Acceptance Tests of Purchased Components

Incoming acceptance tests were performed on the following put-

chased comFonents according to the applicable documents"

Component Applicable Document

Counter Tube 387-Z34-99, Counter Tube--

Incoming Acceptance Test (Z2)

Geophone 387-234-97, Ge ophone _Incoming

Acceptance Test (23)

Accelerometer 387-Z41 -99, Accelerometer

Acceptance Test (24)

Interferometer

Spectrometer

387-Z1Z-89, Acceptance Test Pro-

cedure _Interferometer Spectrom-

eter (1)

The rm os tat 387-224-97, Thermostat Acceptance

Test (25)

Inspection of Manufactured Parts

All manufactured parts were inspected to assure compliance with

the engineering drawings,.

• Acceptance 2?ests of Manufactured Components

Acceptance tests were performed on the following manufactured

components according to the applicable documemts:
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Penetro;n<_ter

Steel Points

PC l]_' fro: _ <" t(t r

Con:cal "-_ " "1- Olll _S

Density Source Position-

ing Solenoid

Density Explosive Lower-

ing Device

A r_-_! i c a'r)] e Documont
___.JL

387-Z4i-89, Penetrometer--Mate-

rial Acceptance Test (Z6)

3S7-Z41-97, Inspection Procedure---

Conical Points (g7)

387-Z34-91, Source Positioning

Solenoid Acceptance Tes t (1Z)

387-Z34-89, Explosive Lowering

Device Acce9tance Test (11)

In-process Inspection

During the assembly of the surface instruments each subassembly

was checked upon completion. The cognizant engineer for the

particular instrument observed each step and assured compliance

to the engineering drawings. Solder joints were inspected with a

stereoscopic microscope at 10x magnification to assure quality

of worki-nanship. Mating parts were visually checked upon as-

sembly. .All welds were inspected for quality by x-ray and dye-

penetration methods.

Checkout of Completed Instrument

Each completed instrument was checked according to the following

applicable documents:

Instrum_'nt Applicable Document

Surface Density Instru-

ment and Acoustic Sensor

387-234-94, Checkout Procedure_

Surface Density Instrument and

Acoustic Sensor (Z8)

Surface _agnetxc Suscepti-

bility Instrument

387-253-9<), Inspection Procedure--.

Surface Magnetic Susceptibility

Device (29)

i
387-253-97, Checkout and Calibra-

tion Procedure_Surface Magnetic

Susceptibility Device (6)
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Surface Thermal

Diffusivity instrua_ent

387-224-99, Checkout ProcedureN

Surface Thermal Diffusivity

Instrument (30)

Surface Penet:,am,_ty

Instrument

387-241-95, Checkout Procedure--

Penetrometer (2 i)

In addition, all instruments were checked according to Specification

387-Z41-87, _Final Inspection Procedure (3Z), before delivery. The

acoustic source _vas proof-tested by firing two squibs simultaneously.

The quality assurance on the interferometer spectrometer as p,zr-

formed by Block. Assoc:iates, the instrument manufacturer, is rather

limited at this time. Their quality assurance effort is presently per-

formed by designers and fabricators. However, steps have been taken

to institute an acceptable quality assurance program at Block .Z,,ssociates.

Time and availability of qualified personnel are t_he only limiting factors.
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! I. APPENDIX

A. Miscellaneous _nformationon d_e ]nterferometer Spectrometer

Mazch 15, :96Z

J. J. Thomas/E. L. Brown

Jet Propulsion L.aborat.ory

4800 Oak Grove Drive

Pasadena, California

Subject: JPL Contract No. 950155 - Your Telegram dated March 8, 1962

Gentlemen:

This letter is to answer the questions you asked in your telegram of

March 8, 196Z.

le The modulation efficiency (H) of the Iota Beamsplitters is in

the range of 0.25 to 0.35. Laborious calculations, however,

prevent the specific modulation efficlency for a particular in-

strumept at thls time. Since this number varies with the

tel" ...-_. coating on the KRS-5 substrate, measurements on

re.. _:ings will have to be made and will be forthcoming

5_oln _]ock in the near future.

The transmission constant (Qo) has not been computed for tl-.e

Iota opt:cs. It can be calculated knowing the reflection loss

oer s ir!'ace of KRS-5. This measurement will short!v be

cornp:_ted by ....loca and will be forwarded to you.

3_ The ti_r=)u_-hput (00/ is 0.00')4 steradian-cm

ray "ra,'in_ :,qcluded with thSs letter.

as shown on the

4u The noise equivalent power (N) may be computed from

N = _S-DAF___ /D_O S D and AFqj are known but lacking informa-

tion on D _ (see 7 below) this information will have to be

derived from Block at a later date.

5. The f_eld semiangle (,/) is 6 ° 19' as shown on the ray tracing.

-167-



o The maxm_um convergence semiang]e (%,') is also shown

and is 45 _ at the detector.

o The _oise tqltivalent power from the detector (D*) is

_ve_: in terms of how much it exceeds a resistor of the

;;t:_e resistance as the flake. In this particular case,

i_arn,'s's information on its bolometer flake is 1.38

_,im_ s the !lake resistance, which is 0.24Z megohms at

Z5_C. Thus only the equivalent no_se o _ a similar re-

sistor needs to be known.

8. The mlrror constant velocity period (T) is 0.294 sec.

9. The spectral resolution (AqJ) is 71 cm -l.

10. The total wavelength measuring interval of the Iota-001

is 5-30 microns.

Applying the above information to solve for NEPD we have:

NF.PD =

= (0. 0383)_. 294/(0.3 5) (O. 0094) _ DC;Q%b

Since D* and Q& are not presently known, the NEPD cannot be com-

puted. We ho;_e to have this information shortly. However, Neils

Young of G_oc_. Associates has suggested that in order to determine

the instrument function it is not practical to multiply together all

the factors which you bring up.

it is useful, however, to remember what factors do affect the instru-

z',_ent function s<_ tha,', peculiaritie,s (lor example, :he possibility of a

_emperature-< ependent reversible instrument fur:ction) can :De traced

:o -Jm correct f;,.c_,or,_. For exampl, _, such a temperature dependence_
1 " . 4 "r,,vn:__h "_ve _: re )r escr_tiy rvln_,, t. to det.,.-rn_ine here __t TE_, would not be

blamed on cb._nges of throughput - but rather on changes of D*.

'The instrument function should be obtained from repeated and numerous

spectra for many instrument as well as source temperatures. The

correct instrument function is then obtained by repeated application of

blackbody tab'.es. The instrument function will, in general, be a function
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of the inst,'-u,,_,_- e.,.t_ t.._,_p_.,'-- • '--a_._re'.- only--but it may be found that it de-

pends upon other factors such as supply voltage. If so, then only

through severe testing can we find this out and do something about it.

Ii. Method of ok, tainin, lore c- fron _, lo:a recorded......... _g :emp..rature

inter _ rogram.

To rn:_-asure an unknown temperature within the limits of

our (l,:_vlce, we first make a series of tests with known

b',ackbody temperatures, thus calibrating our device and

from there work backwards.

To do this we make use of a blackbody radiator, knowing

its temaerature. With the sensing head detecting the

.known blackbody spectral radiance we inake an interfero-

gram. The output of the postamplifier is fed into a tape

recorder, recording at least !00 sweeps in 33 seconds.

We take this tape, form a loop, and play it back into our

wave analyzer. Of course, with the instrument on the moon

telemetered digitized information will be received. This

in turn will be fed into an analog computer where with com-

bined known data the computer will solve for the desired

information.

The wave analyzer in turn will select a particular frequency

from the band of frequencies being fed into it. With the tape

loop being played back at a faster rate than recorded rate,

the frequencies will be averaged out giving spectral resolution

equivalent to one sweep; but it will be within the capabilities

of t}_e wave analyzer to "see" this resolution due to the wave

analyzer passband. Taking this information from the wave

ana;yz, er anti feeding it into an X-Y recorder the relative in-

:cus:ty of different frequencie, s over a known band o5 fre-

quencies is recorded. With this "interferogram" we normalize

-is a_:,,p,!,ittde with the response calibration of the tape recorder.

Then u._ing lP¢ = qjB/T, we calculate the wave numbers per the

autocorrelated frequencies of the Iota output. Along with this

information we plot the per cent full-scale amplitude versus

wave number. This curve plotted, we will call the iota measured

response curve. Through the use of selective infrared pass band

filters we calibrate our interferogram versus the autocorrelated

free uenci,:_so Later, we wiT.l have a transparent grid that will
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dire_ilv :'onver: the autocorrelated frequencies it, to wave numbers (¢,_

and p,.r _:enl Gal I s(-' ._.,e 1o fa(ilitale case of piottingo

Now wi!h ,he e.,nperalure of the bolomeler and blackbody known, we

plot the _heoret:.ca" ;lackbody spe(t, ra! radiance, computed from a se __

of tables, for e::ch temperatures, This is done b-" solving X. for each

N k for the b,.,lom,'ler a_d blackbody ",emperature. From the tables we

see thai for a p;_rticular ), at temperature T f,_,r l!_e bolometcr we have

a value for t}_:" speclrai radiance of the blackbodv. We do thi< also for

_he biacki'_od,/ lemperalure for e_,ch Nko Wi_h t?',i_ information we sub-
z fortract each va_ue of spectral radiance to obtainAN\. Solving for \

each NK we find AN n by using zxN n = _,ZAN k. The1; we plot this calculated

difference radiance curve just above the Iota measured response curve.

Now the ratio of these two curves, the Iota measured response curve

versus the m,:orelical calculaled difference curve gives the total ab-

solute response curve of the Iota.

This total absolule response curve of the particular Iota will, of course,

be unique in that it contains all of the peculiarities of the instrument.

Any deviation, of course, will have been determined, compared, and

calibrated before this response curve. Of course, many trials and

tests wil! determine these factors.

With this information we are now ready to measure an unknown black-

body temperature. Really all we do is to work backwards. With the

information being received frown the iota we feed it into our wave

analyzer where the relative - •' tudesamDJ_ of the spectral components wxll

be plotted into an in',erterogramo Of course, when this is being re-

ceived from t't_e moon, all data processing will be carried out by a

computer, it, _his case _hough we divide the total absolute response

curve by the ;ola measured response curve. This gives the calculated

difference radiance curve. Knowin,a the bolometer temperature, we may

readily solve for the temperature of the blackbody.

E×amp:,e:

This will explain the process by which an unknown blackbody temperature

may be determined by use of the Iota. Only here we will just give an

example of one wave number of the entering radiation.

From 'he in!erfer_gram using Fq_ = QB/T
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_ s<_eti_UforF© = ]00 cps, 0 -

]053 crn -l

1) For this wave nm',_)er we find its amplitude in :)er cent fu!l scale

assuming fv_i_.-scale deflection of the recorder s 30 my/10 in.

its a:-nplitudc is 70% of full scale; therefore this would correspond

_o 0.70 x 30 - 21 mv on the lota measured res:)onse curve pro-

vided the tape recorder response is l:l.

z) Assuming the blackbody temperature is 400°K and the bolometer

temperature is 3000K, we see from the tables that t_he theoretical

spectral radiance of blackbody Nik for 300°K is 9.972. Also from

the tables we see that the spectral radiance of blackbody of Nzk

for 400°K is 35_79.

Since _ = 1053, 9.5)* =k

3) AN k = Nz k - Nik= 25. 818

Since k z = (9.5) z = 90. Z5 x I0 -s
Z

cm

4) Then AN n = 90.25 x I0 -8 x 25.818 = 2.330 x IC'-3 _w/cm-sr.

Dividing this quantity into the Iota measured response we get

009 v/vw/cm-sr.

This value then is one point plotted on the total absolute response curve

for the Iota; with this curve we can now work back '_o solve for the

blackbody temp,, rature.

Exarn p le :

.z _ o:n the h.'ta >) easure response curve transmitted back we do as we did

before,, i.e., solve for per cent full scale at 100 cps:

!)

2)

mhi_._q,,als 21 my.

Dividing thSs by the total absolute response value corresponding to

300 cps or 1053 cm -I wave numbers we have 2_33 x 10 -3 _w/cm-sr.
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S_ncekz :s 90.,25 x i0 -g cm2

3) We solve for A,",I k = Z5_.818

Now we }nov,, li-,,: bolorneter lemperature and therefore its black-

body .-pe:',.ral radiance; solving for

4) Nzk-- N,k _ Z5.{!18 = 9.97Z + Z5o818 = 35.79

s) Looking ._t tile tables forq_ = 1053 = 9o 5_*we :see tha t 35.79

correspoqds to a blackbody spectral radiance of 400°K or the

temperature of the unknown blackbody.

I hope that th s information will help answer your questions which you

asked° Realizing that this information is hardly complete in the sense

of absolute values, we hope that after many tests these specific numbers

will become less Important as bit.s of information and that the over-all

information and accuracy will be paramount in striving for absolute ac-

curacy.

Sincerely,

TEXACO EXPERIMENT INCORPORATED

R. E, Canup
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Supplement

The symbol convention to be used by us in all future correspondence

on and discussioas of theoretical calculations concerning interferometer

spectrometers shall be as follows: Block's convention is shown and is

also used in this, but it will be discontinued by us henceforth.

B lock Our

Convention Convention

Nk Nk Absolute spectral radiance of a

blackbody in terms of wavelength

bandwidth.

N_ N n Absolute spectral radiance of black-

body in terms of wavenumber band-

width.

k k Wavelength

n Wave number

v Frequency of infrared radiation

F Audio frequency

This convention for the most :)art conforms to that used in "Tables of

131c{,:kbody Radiation Functions" written by Mark Pi'eovonsky and Max

P,, Nagel ;;_.nd publS shcd by the Macmillan Company° The convention

choice was made because this book will be used for computing cor-

rection curves and finally temperatures of blackbodies at unknown tem-

peratures. Please refer to the above book for more detailed definitions

of the terms and for definitions of other terms,
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iOTA-OPT',CS LAYOUT

.500
!
I

.29 ---,4 GEOM. LIMITS

i /400 _t,

.220 _, ; .220 _ //

_- - ----f-I:)" 25' MAX FLAKE

- _ 2/( ; ! 7"-1or_ -I (.ltO)-6e19";,.O383Sr

THROUGHPUT 8o :(0.0383){0.110) z _(2.54) z =.0094 ¢m;'--_r

ECHECK: 8o = SI SZ / 12 = (0"2455)2/(2"54)2 = 0.00935 ¢mZ-sr._

FOR CONVERGENCE SEMIANGLE 7 "= =45 = AT £)ETECTOR(i.84sr)

S d =(0.0094)/(;.84)=0.00511 cmz =0.51t mm z

_¢INIMUM SIZE FLAKE TO ACCOMMODATE THIS IS (4/T) 0._--__.511

= 0.91 rnm square

M_ tan 45°/_0n G'_9' =9.09; S/M =0.I10 FROM P.P TO FLAKE

E.v.L. OF QETEC-OR LENS_ F=0.99 _

FREE APERTURE ;t 0.220"_
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In,. Data Reduction Informa',ion from Tests cf the

I_Ic rferometer Spectrometer

April ; l, 1962

3. J. Thomas/r.. L. Brown

Jet Propulsion Zaboratory

4800 Oak Grove Drive

Pasadena, California

Subject: JPL Contract No. 9501 55 - Data reduction information from

tests of Interferometer Spectrometers

Gentlemen:

Enclosed are six (6) copies each of the temperature calculations using

the spectrograms obtained during the acceptance tests of the Block

Interferorneter Spectrometers. These spectrogran_s are in the test

booklets sent to you earlier, but we are including additional copies

with the calculations to keep confusion to a minimum.

The temperature calculation for each instrument is as follows:

1) Instrument total absolute response (TAR) is calculated

using the spectrogram obtained when the instrument

was viewing a 150_C blackbody or in the case of URD Z7

a ! 27 °C blackbody.

2) The te_nperature is calculaled using the spectrogram

obtained when the instrument was viewing a blackbody

warmer than the bolometer by approximately Z0°C.

3) The te,n:_erature is calculated using the spectrogram

obtain( d wheq the instrurnent was view:,n% a blackbody

colder ti.ar:the bolon_eter by approximately ZO°C,,

4) The telnperature is calculated using the spectrogram

obtained when the instrument was viewing a blackbody

somewhat colder than the bolometer. (Later discussions

will clarify the "somewhat" used here.)

5) For URD 2.7 an additional temperature was computed for

the bla,:kbodv approximately Z0°C colder than the bolometer.
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6_ For URD I ! an additional computation was made for both

black_ody warmer than bolometer by fi0°C and for black-

hod,- (:older by approximately fi0°C.

The errors il, calculated temperatures vs. measured tem-

per_.tL, re are as follows:

Calcu-ation No.

Degrees of Error

URD 9 URD 1 ! URD 27

1 TAR TAR TAR

Z 7 8 0

3 36 9 8

4 12_ 35 Z7

5 .... Z.5

6a -- 11 --

6b -- Z --

Calculation numbers correspond to the temperature calculations enu-

merated above. These numbers are marked on the calculation sheezs

and the corresponding spectrograms.

Some of the errors are quite large; however, reasonable explanations

for the errors are as follows:

l)

z)

3)

Temperature control of blackbody was :nanual excepting

thermostatic control of highest tempera.ture. Manual

control prevented stabilization of blackbody temperature.

Thi._ manual control gives random error of underterminable

magnitude°

Sen:_or temperature was not known to the required accuracy as

cxp;a:ned in our letter of April 4, !962 (improperly cali-

%ra_ec: resistance Lhermometer).

Ave"a_,ing of s_)ectrograms was not used because:

a) _.he frequency response of the available tape recorder

is not adequate.

b) time limitations during performance of acceptance test

did not allow us to obtain sufficient data.
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COMMENT: ,qS>c,: _}:,.- tape recorder was not used, the time required

to cornpl,.te one spectrogram was six minutes. This

combined with manual temperature control caused con-

siderable blackbody temperature drifI during the measur-

in:_ interval.

4_ L-'he sp_clrogran_ aw,.raae value was obtained manually. The

error < aused by this method of averaging is undeterminable.

Erroneous information for smaller wave->umber signals is

caused b,, the wave analyzer (zero mark of wave analyzer is

too near the desired information).

The following steps are being taken to correct fae errors outlined in

the preceding paragraphs 1 through 5.

1) Auloma_ic control of blackbody temperature has been installed

and is now being tested. With this system, we should be able

to hold the blackbody temperature to within one degree at any

one temperature in the range between -50 and +250"F.

z)

_,a /

b)

4)

We are trying different blackbody designs to determine, if

possible, the error that could develop from emissivity, thermo-

couples imbedded in the blackbody surface, etc.

We have written for Block Associates a test procedure to insure

the acc_arate calibration _f the tc_nperature sensing device in

the sensor head. This procedure includes the measuring of the

regulation of the IEV bus. linearity of the _eries resistor,

resistance change versus temperature of the resistance thermo-

e_er, time variation dependancy in output, etc.

A rapt - c, corder has been ordered that will more than satisfy t_he

r,:_quir, men_s :necessary to record the output of the inter:'erometer.

2"1_,," w_!7 a',iow avera_ting I00 spectrograms for a more accurate

dote rrr- ina'J_,,;: of temperature

Utilizing th_s tape recorder will reduce the measurement time

from six (6) minutes to 33 seconds, thus minimizing any tem-

perature drift of the blackbody,

We are iv, the process of locating and purchasing a digital de-

vice which will convert the wave analyzer output into bits of in-

formation which will in turn be fed into our computer for automatic
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lem_.pe_a,ure., computation. "'-',n_swit,"' allow us to make many
ca!cu]at!ons in a reialiw-ly short period o_"time. This system
will probably be ready when we *est the third set of instru-
ments.

For t}_e second set of mslrmnents, we wi'_ still have to do much

of our avera£ing by hand; but filter netwoTks n_ay reduce this.

error sc, mewhat. We are anticipating the reduction of the

sourc,.'s of error now present to a tolerable amount, that is, to

_he error caused by the noise threshold imposed by the bolom-

eter i'.s elf.

5) The solution to this problem of the zero mark of the wave

analyzer is to remove this zero reference mark entirely from

the spectrogram. If we use suitable optical interference filters,

audio tuning forks (which we now have) for markers *,.he spec-

trogram can be very accurately calibrated without having to use

the zero mark of the wave analyzer as a reference mark.

With the above techniques on future tests, we should be able to measurably

reduce the computation errors now present.

So far, all of our tests and data reduction have indicated to us that this

system of measuring temperature with the interferometer spectrometers

will ultimately perform as well as we expected.

Sincerely,

TEXACO EXPERIMENT INCORPORATED

R. E. Canup
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C. Determination of the Ecuilibr;urn Temperature

of the Solar Shield

The portion of direct solar energy which is absorbed by the shield

is represented by

whe re

qs'.l

qs _,1

_y

Esu

= o Esu A Fas u Tsu 4 . "(33)

:-- solar energy absorbed, kcal/hr

= Stefan-Bohzmann constant, kcal/hr-mZ-'K 4

= absorptivity of the shield for solar radiation (0.26)

The energy whicE is radiated into space by the shield, qsh0

sented by

whe re

A = area of the shield (0.0594 m z)

Fas u = configuration factor, (r/R) a cos a = 18.7 x 10 -6

where r = radius of sun

R = dislance from the sun to the surface

e_ = angle of incidence when max:mum area is sub-

jected to solar radiation

Tsu : temperature of the surface of the sun (6000°K)

is repre -

qsh : o F e t FatA l(Tl 4 - Tz 4)

F&t =

emissivity of the outer surface of the shieT.d in

the infrared range at 300°K (0._0)

I (since the surface is radiating in all directions

into space)

Aa = area of the shield (0. 0594 m z)
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T, - absolute ten_perature of the shield

Tz _-absolute temperature of space (40"K)

The en_:_rL'ywhich is radiated from ti_e lower surface of the 3hield is
represenled by

qsht = crFeb Fa b Al ('7__ - T3 _)

where

Feb = eznissivity of the lower surface of the shield (0.05)

Fab = 0.8 from chart (33)

T_ = absolute temperature of the inner shield (120°Iq)

The temperature of the shield will increase until thermal equilibrium

exists where

qsu = qsh + qsh i

Substitution and rearrangement give

4

4 EsuFasuTsu * FetFatTz4 + FebFabT_
Tl =

FetFat + FebFab

T z = 294°K
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D. D,:',ermina':c)n of 2Ener,,__)! Transfer between the Heater

t_l;_!e and Lunar Surface

The max_murn etergy transferred from the heater plate to the lunar

surface is repres;ented :)y

where

qhp

qhp

: e F e F a _. (T_ 4 - T#) (33)

: energy radiated from the heater plate to the

lunar surface

Stefan-Boltzn_ann constant (4.96 x 10 -8 kcal/hr-

mZ_OK i

F e = factor to allow for the departure of the two sur-

faces from complete blackness, a function of

the emissivities E 1 and E z where E: is the emis-

sivity of the heater plate radiating surface (0.94)

and E z is the emissivity of the lunar surface (1);

this value of E z wil! assume that all of the heat

radiated to the lunar surface will be conducted

away

F e = E 1 E z = 0, 94

F a = configuration factor, a function of the configuration

of the surfaces, is found in reference 33. Con-

sidering the surfaces to be disk shaped and con-

nected by nonconducting reradiating walls, a

value of 0.8 is found for F a

A : area of the radiating surface (0.0506 m 2)

"F_ = temperature of radiating surface (400"K)

"F_ = temperature of the lunar surface (1Z0"N)

qhp = 48,0 kcal/hr = 55.3 watts

**,ctors i,_'a arm Fe are not considered the maxim m,-n power required
1 1"_vO'.: -Q be:
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: _ *,(r2 - r"_->
qhp

: 7Z. 3 walts

As the lunar surface approaches the temperature )f the heater plate,

the energy transferred between the two will be recuced. Figure 58

shows Cne cha ,ge in power requirements of the device as the tem-

perature of th: lunar surface increases.
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G. De_er_r_inatio_= of the Heater-pla_e Conductor Configuration

The conductor will take the form of an Archimedes spiral having the

equation:

r=a0

d0 = dr/a

where
r = radius

a = constant which determines the pitch

@ = angle in radians

The length of the arc,

and substituting for dO:

1, is given by

l=r0

dl = rd0

dl = rdr/a

, r r2 1 ,4.9 ]
! =--) rdr = -- _ r z = ll.8/aa rl 2a i 0.62 J

a
spacing between center lines of the Cu segment

Zn

_" +c

•_here W is the width of the segment and c is the clearance (0.0!5

inch) ; thus

W = 2wa - 0.015
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The r_s5 stance of the conductor,

represented by

where

R, which is 3.5 ohms at Z93"K, is

R = pl/S

p = resistivity (0.67;q ohm-in.)

1 = length (I1.8/a)

S -- .ross-sectional area or tW, where t is tlEe

thickness of the conductor (0.003 inch)

Substituting, rearranging terms, and solving for ;:.

a = 0..01 227 inch

W = 0. 06209 inch

I = 961.7 inches

R : 3. 500 ohms

give
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Y. Me.,_orandu_1 Recommending Removal of Surface Density.

instrument Elevating Legs

4 April 1962

TO: R. E. Canu_

FROM: R. Clinar(!

SUBJECT: Eiev_ ring Legs--Surface Density Instrument, Removal of

Early testing carried out in the feasibility study for the surface density

instrmnent indicated that the response c_rve obtained was double

valued, and thus an ambiguity would exist as to which side of the curve

a sample material should fall. It was found that the ambiguity could

be resolved if a second set of readings were made wxth the counter tube

end of the instrument raised a few inches above the surface, This re-

suits in a decrease in the effective or measured vohune causing an in-

crease in counting rate for the heavier material and a decrease in

counting rate for the materials to the left of the maximu=n point of the

curve (p = 0.3 g/cm 3). This technique was demonstrated using a

development model surface density instrument. The resultant data

we re as follows:

Material Density, g,/cm _ Counting Rate Chang e

Balsa 0. 17 7.8% decrease

Lava 0.65 5.0% increase

Chalk !.93 58. % increase

Marble Z.64 100. % increase

Barium Sulfate 4. Z6 160. '7o increase

Note: These rest_,s obtained with counter tube end raised 3 inches

As a result of these tests it was decided that a set of legs would be

attached to the density instrument so that two-position measurements

could be made_ The instrument would land in the raised position, a

reading would be taken, the legs would be released by means of an'ex-

plosive pin puller, and a second reading made.
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Fl',e r,'a._,,_ ........,,,e,, for the first prototype surface density inslrument

with tee legs at_achec_ were as follows:

_,<a te r ia] De ns i t ,]_2__Z/cn_ '_ C___ou__2n__i n _ R ate Ct\:}n g_

Balsa 0. 17 - .7% increase

i_ava 0.65 ,. 9o/0 ix__crease

Chalk 1.93 5 '_. % increa_se

Marble Z. 64 i0t;. % increase

Barium S_Ifa_e 4.2-6 134. % increase

It can be seer from these data that _he counting rate did not decrease

for balsa woc, i as before. This probably resulted due to scattering

taking place from such added assemblies as the legs themselves, the

pin puller housing, or the geophone and housing.

Prior to initiating a development program to determine exactly what

factors materially affect the response and how the instrument could

be modified to correct the problem, some though': was given to the

desirability o5 deleting the legs all together. The advantages and dis-

advantages of removing the legs are listed below.

Disadvantages

• Resolve lhe ambiguity in the response curve. Without the legs

there wil: be an uncertainty involved if the lunar density is be-

tween approximately 0. 1 and 0.3 g/cm 3.

Advantages

Simplify a:t, rication and assembly. The following pieces would be

e li_i r'.at ed :
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RecJ'c_____ Name Weight, lb

l Adapt)r, Cor nector, Pin Puller .0055

,_,over, Wire. Tube, Pin Pu**er . 0050

A/R Adhesive EC 2086, Minn. Min. and Mfg. Co. .000"

i i3u:shi>g, Support .0005

2 Bushing. Guide . 00',1

i Leg, Elevating .0,140

2 Offset Bushing, Guide .0031

1 l_racket0 Pin Puller .¢112

1 Sleeve, Pin Puller .0008

4 Wire No. 22 Hook-up .0096

I Squib .0Z33

! Pin Puller . 1190

Z No. 8-36 x 3/8 RHMS. St. St. ,0057

! Connector, Bendix PTSO6A-8-4-S (300) .0178

4 No. 8-36 x i RHMS St. St. .0256

3 Nut, Hex, 8-36 St. St. .0026

4 No. 5-44 x 7/16 RHMS St. St. .0050

Total 3O .2799

2. Reduce weight. The above pieces account for a total of 0. 2799 lb.

o

.

o

e

Improve reliability. 'The fewer number of pieces present, the

higher the reliability of the over-all instrument. The reliabi::ity

of such items as squibs, pin pullers, and connectors, although

constantly improving in design, have not yet reached a reliability

leve! as high as desired.

Improve mechanical integrity. The instrument will be less likely

to fail as a "'esult of shock or vibration.

Simp::ify so; c,:cra!:t sequencing and , •rnan_pu,atmns. Eliminale need

for second _c: slty reading and program for firing the pin puller.

Reduce envelope requirements_ The height required would be re-

duced by approximately 1.5 in.

Improve s ;. "po, ,,_onal stability. The c g. would be located on the in-
*rs, ument cent,er!ine, and the device would not have to land in a tilted
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_ _,_;:_on. Uhe danger of _oppliDg when the le:zs are released

,_'ou_d be e;iminated.

It would appe;tr fro_c It_e above col_sideration tha'. unless tl-ere is a

very str_,_g i)ossibil ty that the lunar density is below 0.3 g/cm 3, it

wouJd be q_lte desirable _o delett" t}at- legs and associated assemblies

from the surface der si_y instrument. Even if the lunar density is less

than O. 3 g/cm 3, the data Obtained relaled to other parameters sut:h as

hardness and acoust c travel time should help re:solve any uncertainty.
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G. Me _c)ran(:un_ Recommen.:lin_ Addition of

6hield Cone tlousing

4 April 1962

TO: R. E. Canup

FROM: R o Clinard

SUBJECT: Shie]d Cone Housing--Surface Density Instruments,

Addition of

It is recommended that the Surface Density Instrument be modified

to include a housing to be attached to the cone shield section to en-

close the source-holder assembly in the extended position. The

reasons for including such a housing are:

;) Shield the source holder mechanism from any damage which

might be encountered as the density instrument is lowered with

source extended.

z) Insure that lhere would always be space available so that the

source can be extended.

3) Compie:ely enclose the source-positioning mechanism to pro-

•_ect it from foreign materials such as dust or fine chips.

An :ncrease in the outline enw:lope may be required in order to include

this modification. Since development work is presently being carried

out to optimize the shielding and source-positioning requirements, the

exact increase in length is not .known. It is estimated at not over one

(l) inch.
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H. ;v_em )randun-, Discussin. the Feasibi!itv of Using a Charge

Ampl;fier with lhe Penetrometer

December Z, 196!

TO: R. E. Can lp

FROM: W. L. 7-_all

cc: V. M. Barnes. Jr.

SUBJECT: Feasibility of Using a Charge Amplifier with the Penetrometer

The penetrometer (an instrmnent for measuring hardness of lunar

surface) uses an Endevco accelerometer Model 2233 M-11 with a sensi-

tivity of 37.8 mv/g peak to peak or 30.8 pcoul/g. This sensitivity

varies slightly from accelerometer to accelerometer. The feasibility

measurements were taken with 3 ft of cable having a capacity of 94 pf.

The normal output from the accelerometer is approximately 378 mv for

sand (10 g's) to 49 volts for quartzite (1300 g's) or a charge output

from 308 pcoul to 40,000 pcoul (drop height, 3 inches). Feasibility

measurements were made withthe Endevco charge amplifier Model

2620, as it seemed to be the most practical unit to amplify the acceler-

.meter output. It is available as a tested flight unit, is subminiature

in size, has low power requirements, 28.5 v dc i2.5 v dc at 25 ma, and

has an output from 0 to 5 volts peak to peak. The only problem in using

the Model 2620 is that high outputs from the accelerometer cause clip-

ping of the signal; therefore, direct reading can not be obtained.

A series of test,.; were :made zo determine if it was possible to attenuate

the output from th< accelerometer enough to keep the signal from being

c!ipped on the h gh outputs and still be able to get sufficient output

when the penetr,)meter was dropped on sand. After numerous tests the

circuit in Figure 59 was chosen.

All accelerome_ers are shipped with individual calibration charts. The

acce!erometer that,,,_ used for the r .............. • u_,uwmg tests had the following

factory ca!ibration:
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S_:nsilivi_y 5n peak my/peak g (Es) = 31.3

Acce or,,meter capacity in pf (Cp) = 890

Sensitivi*y in peak pcoul/peak _ (qs) = 37.3

with low-noi:,e cable approximately !fi0 inches long with capacity

of 300 pf wh¢ re qs :: Es (Cp _ external capacity) x 10 -3

The output from the acce!erome,cr circuit or input to the Model 2620

amplifi,_r wa_ found by the followin:a method:

qs = Es (Ct) x 10 -_

= 31.3 mv (38.3 pf) x 10 -3

= 1.2 pcoul/g

where Es is the accelerometer sensitivity voltage and Ct is the measured

capacity of the accelerometer circuit.

Since the gain of the amplifier was set at 2.4 mv/pcoul and the input to

amplifier was ;.2 pcoul/g, the output was calculated to be 2.88 mv/g.

After this circuit seemed usable, comparisor te_;ts were made on

various materials with both the charge Amplifie:" Model 262.0 and the

high-impedance amplifier Model 2607. The circuit for the Model 2607

was the same as used by Bellaire Lab. The circuit is shown in Figure

60.

The measured results of these comparison tests are given in the attached

table. The series capacity added to attenuate the signal input to the

charge amplifier must be changed when the cable length is changed if

the input to tim amplifier is to remain constant at 1.2 pcoui/g. However,

this change is small compared to the change in cable length. For example,

when 3-5t cable was used, the input to amplifier was "*.2 pcoul/g. When

_3 ft of cable was ,ased, the inpu_ Io amplifier w_,s 1. )6 pcoul/g.

in the final design when it is known what the exact cable length between

accelerometer and amplifier will be, the size of the attenuating capacitor

can be easliy calculated to give l.Z pcoui/g input to amplifier.

From comparing the photographs and the tabulated experimental data, it

appears that the charge amplifier Model 2620 can be successfully used to

_r.qD_i_y '_}:e acce_,erometer output.
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c,l

ACCELEg:O;,_ETER

2 h ,
1 [ ; ;i

! C;, _ •

' i i[ ,

L

e_rMO_c,_

2620 AM PLIF,_.R

GAIN, 2.4 mv/pcoul

t

Ok,'TPvT,

: 2.(;8 rnv/g

!

FIGURE 59. CHARGE AMPLIFIER CIRCUIT

Ci ACCELEROMETER CAPACITY (890 pf)

Cz LOW-NOISE CABLE CAPACITY(94 pf)

G] SERIES CAPACITY ADDED TO ATTENUATE

SIGNAL INPUT TO AMPLIFIER (25 pf)

Es ACCELEROMETER SENSITIVITY(31.3mv/g)

Ct: 38.3 pf (MEASURED CAPACITY OF

ACCELEROMETER CIRCUIT.)

INPUT TO AMPLIFIER, 1.20 pcoullg

{CALCULATED)

OUTPUT SENSITIVITY, 2.88 mvlg

ACCELE OM ,E.

C,Iic T!
MODEL

2607 AMPLIFIER

GAIN, 20db

/

OUTPUT,

6 2.6 mv/g

F;GURE 60. CONVENTIONAL AMPLIFIER CIRCUIT

CI = 890 pf ACCELEROMETER CAPACITY 03: 0.00497F( SHUNT CAPACITY

Cz= 94 pf CABLE CAPACITY C4: z190 pf FACTORY CALIBRATION CAPACITY

THE OUTPUT FROM THE AMPLIFIER WAS CALCULATED AS FOLLOWS:

1 i _f-ll _- /'_AI I_,N C4ES X AI_,PL,rIE_R X
VOLTAGE OUTPUT = = 62.6 mv/g

Ci + C2 + Cl
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Our limited data indicated that this charge amplifier Rives better re-

sults lhan the high-impedance amplifier originally used.

COMPARISON OF AMPLIFIER OUTPUTS

Material

Measured Peak Pulse Width, Voltate Output

Acceleration_ g's msec from Amplifiers

Model Model Model Model Model Model

2620 2607 2620 2607 2620, mv 2607, v

Sand 18.7 24 14. 15. 5.4 i.5

Lead 132 200 0.94 0.94 360 12.5

Lava 163 166 3.8 4.4 470 10.4

Austin Chalk gO8 240 0.7 0.7 600 15.0

Marble 434 447 0.3 0.32 1250 28.0

Tool Bit Steel

(1t ockwe 11

Hardness C65)

1390 1360 0.16 0.16 4000 75.0
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APPENDIX !

PE_TR0>_2_R C_CKOUT A_O CALYB_\TION PROC}_UF_

_ne complete checkout procedure for the penetrometer device consists of

the following specifications:.

lo

o

387-241-89

387-241-88

3o 387 -241-99

387-241-98

4. 387-241-95

387-241-94

5. 387-241-9_

387-241-92

Material Acceptance Test for Tip of
Penetrometer

Penetrometer Tip _mterial Acceptance
Check Sheet

Inspection Procedures for Penetrometer

Conics! Tips

Inspection of Penetrometer Conical Tips
Check Sheet

Accelerometer Acceptance Tests

Accelerometer Acceptance Tests Check

Sheet

Checkout Procedure for Penetrometer

Penetrometer Checkout Procedure Check

Sheet

Penetrometer Calibration Procedure

]?enetrometer Calibration Procedure

Check Sheet
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_z 387-2_1-89 P_ge 1 of i

_4___..... _,cce2t_nce Test for _.... 8_ _ ±_D Of _e-_rozi_ter

Io

II.

Iii.

General

_n material, AISI M-2 hi_h-speed steel, will be purchased as I/8-1nch-

diameter Rex f_ tool bit, hardened and ground to diameter in h-inch

lengths. Esch length will be qualified for use by checking the Rockwell

hardness of one end.

Equipment Needed

A. Tool grinder or surface grinder

B. Rockwell hz_rdness tester, C scale

Procedure

A° Each length of tool steel _'Iii have a 3/4-inch-long flat ground on

. _ ' tOone end, ucp_h be half the din_meter so as to expose the center of

the rod for checking. Care will be taken not to overheet the rod

and drew iLs temI_r.

Bo The hsrdne_s will be checked in two spots along the axis of the rod

on the gro_uld flat.

C. The RockweZtl C scale hardness must be above 60. Record.

D° Record the b_.ch number of the tips to be fabricated from this

length of stock.
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_I )87-241-88 Page i of i

Penetrometer Ti_ _teri_l Acceptance Check Sheet

Date of Test

Mfg. of Materlal

Observer

4

A°

BU

Fmterial AISI M-2 tool steel (check)

Test No. I hardness (60 or above)

2 hardness (60 or above)

The tips fabricated from this length of stock rill be identified

as Betch No_

! certify that to the best of my knowledge the test results above are valid.
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TEl )87-241-97 Page I of i

Ins_e _z_ _n__rome_er Comical Tits

Io

II.

III.

General

The tip should be examined before installation in its bsse. It is

important that all tips be alike, because each tip cannot be calibrated

on the h_rder materiBla since one drop blunts the tip. Reproducibility

of the uncalibrated tip must be insured by careful inspection.

Required

A. 0-I inch .micrometer calipers

B. 6x compsrator with 60 ° angle and O.020-1nch circle retlcles

C_ Drawing No. 1-0005}

Procedure

A. With micrometer, check length, 0.20 +0.010 inch, and diameter,

0.125 +0.001 inch. Reject all units not within tolerance.

B. Check angle and tip radius with comparator; tip-radius deviation

should not be distinguishable under 6x observation; ang_.e should
be within 1°.

C° Examine the tip for finlsh_ no roughness should be apperent under
6x obserw_tion.
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_i 387-241-96 P_ge 1 of 1

I_nsloeetion o:T Penetrometer Conicsl _os C"neqk Sheet

Dote of Test

Batch No_

No. of Samples

Thspector

i. Diameter: All units not in tolerance discarded (check).
Tolerance limits 0.200 ±O.OlO inch.

2. Length: All units zot in tolerance discarded (check).

Tolerance limits 0.125 ±0.OO1 inch.

Tip radius conforms to _g! 1-OO059

inch radius on tip).

(check) (6o° 8ngle, 0.020-

4. Tip finish has no roughness under 6x magnification (ch_ck).

i certify thst all points were inspected snd that all accepted units ere

within tae tolerance limits specified.

Si_ture
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_i 387-241-99 Page 1 of 2

I

II.

ilI.

Acce_eror, eter AeceotsnQe m_est_,

C_nera 1

A. All _ccelero;_eters must be acceptance tested according to this

doc_en_ before they ere used in the penetrometer or sonic devices.

B. After the tests are performed, 8 ¢ertlfled copy of the completed

test s,_.e_ for the p3rtlcular aceelerometer must accompany the

inst_u_,ent in which the unit is Anstalled.

_ _ " -_ _ Required_qllpmen _

A. Shake table, Ling Tempco Type, Model 2!9-CF-3/4 or equivalent

B. Amplifier, _ccelerometer Fmdevco Type 2620

C. Hot and cold test box, Delta Type 1060%/

D. Shake fixture TEI 1-00319

E. Oscilloscope, Tektronix Type 535 or equivalent _Ith Type c/a

preamplifier

F. Low-noise sccelerometer cable, Endevco 3090-36

G. Test jig - dropped weight type TEI 1-00320

Environmental Tests

A. Temperature Cycling

1. Place the accelerometer in the temperature test box; raise

the temT_rature to l_0°C for _0 to 40 min_

2. ASler [_0 mln a% ]50°C reduce the temperature to -50°C and

hold :"or _0-40 rain st -50°C.

3- 3;,'_se the i._'a,_'rat_e__ to recto tem_eraCure_ and hold for 30 mln

Or zloie.

4. Repea_ steps i_ 2, and 3 three times. Record on check sheet,

Item

B_ Shock

!. Mount the sccelerometer in the test Jig.

2. Raise the weight in the test Jig and release. Resulting

_ .....> _- approximately 2200 g's.
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TEl )87-241-99 P_ge 2 of 2

i-v_"

V.

3 Repeat ir ÷_ _........ co, record Item 2.

_bra _on

1. ,_'o_,.,er the tc:_:rature_ cycling end shock +_es_ has been.

completed, :_o'_l_; t_ sccelerometer on the shake table

i fixture %_;i 1-©D_lg).

2_ Vibrate _he accelerometer at a constant scceleratlon of

i0 g's over the frequency range of 25 to 500( eps. _ne

frequency shall be swept logarithmically from 25 to 5000

eps sad back to 25 cps in a total time of _0 m_In. Record

Item 3-

Operation Testa - Vibration

A_ Connect the accelerometer to the accelerometer amplifier through

the low-noise cable. Connect the output of the sccelerometer

amplifier to the oscilloscope Channel A. Set the gain of the

amplifier to i0.

B. Set gain of Channel A of the oscilloscope to i000 mv/cm. Set

the sweep to 20 msec/cm.

Co Mount the accelerometer on the shake table. Set vibration equip-

ment to give lO g's acceleration. Sweep the range of 25 to 5000

cycles in lO m in.

D. Connect the outFat of the vibration equipment sccelerometer to

Channel B of the oscilloscope. Set the gain to LOO0 mv/cm.

E. Position the traces of the scope so t_hat the out out of the two

acce!erometers can be viewed simultaneously.

Operate the vibration equipment. ?me output of the two accele-

rometers should be epproxlmately the same over the full vibration

range. }_ecord Item 4.

CO_t _S_O_

%_e tests are designed to weed out early faf2ures. Recslibration of

the device is no_ required as impirical cal. :ation of the device

will be accomplished in the calibration procedures for the hsrdmess

equipment.
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_ 387_2aI_98 PBge i of I

Date of Test

Accelerometer No.

Observer

_cm_. C_cle No. I

2. Shock

3- Vibration

Temp. Cycle No. 2

Temp. Cycle No. }

min at 150°C (}0-40 min)

mln st -50°C ()0-40 mln)

mln at room temp.(30 min. minimum)

min st 150°C (30-40 min)

min at -50°C (_O-40 _i_)

mln at room temp.(30 min. minimum)

min at 150°C (30-40 min)

mln at -50°C (30-_0 mln)

mln at room temp.(_O min. minimum)

No. of shocks

Approximately 2200 g's

(iO or more)

Sweep range

Acceleration

Time of vibration

(25-5ooo cm)

(10-15 g' 8)

(}o _n. minimum)

4_ Outout Output of accelerometer approximates thst of std.

(check)

6 i hereby certify that no evidence of malfunction, excessive noise, or other

incident occurred during these tests which would indicate that there was

reason to believe that this accelerometer would fail under _ro_v__sed spece-

craft usage.

-ZO2-
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Checkout Procedure for _ _ _- ÷ "e_.e _. ome _ert_

i. Required instra_en<s

A. 1/16-1nch-dismeter pin punch

B. 0.030 TO.O005 inch brass pin 2 inches long (or Micro_ot plug)

C. I/8-inch screw driver

D. O.Ola-inch feeler gsu%;e

E. Scale, 0-i00 grams

II. Procedure

A. Check tightness of conical tip in base of penetrstor; tip should

remain in place under finger pressure on pin punch from rear

(1-4 ib) (cone tip unit only).

B. Examine acceleron:eter electrical connection. _uresd should be

clean; center socket should grip O.030-inch pin; Teflon insulation
should be clean and smooth.

C. M_ke sure *_- _'*'__e _u_ is snug in the acceierometer.

D. Screw the tip onto the accelerometer stud; it should run up

_ntil the s_ce between the accelerometer and penetrator is less

than shim thickness.

E. Wejght each accelerometer (with stud) with O.020-inch-dismeter

stainless steel wire to 34.1 ±0.05 grams for use during cali-

bration. Remove after final inspection.

?. inspect each _ne_rometer initially after assembly and finally

_:'_er callbrs%iom.

G_ Measure final delivered weights, with and without tip_ to the nearest

0.0009 ibo Do not include the wire weight.
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_e=e ......_e_,_ Cnecko']t r)roce,lure Check Sheet

h

Device No. Date

Tip, cone inspector

spherical

T -_-,

I. Conical tip remains in place under 1-4 ib

pressure (not applicable to spherical tip).

2. _nreads of connector are clean.

_ Center connector grips pin.

4. Teflon insulation clean and smooth.

5- Stud is seated firmly in aceelerometer.

6. Clearance between tip and body is less

t}-_n O.018 inch

7. WeIzht of wei_t_d 8ccelerometer with

stud in grams (_.i0 TO.O 5 grams).

_. Weight of accelerometer with stud to

nearest 0.0005 ib_

9- Final delivered weight to nearest 0.0005 lb.

i - -_-_: -_- there of to<__.... ", _ha_ is no evidence dsmaae this pez_etrometer device or

%n_t there is any re__,son to believe that this device walk fail under the pro-

posed spacecraft usage,

Signature

(final inspector)
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P{--'letrom,_ter Calibration Procedure

_. General

Acceierometers which ]_v< successfully passed the acceptance tests

k_L_ 9vl-_'+_-syj _?rt. em,_rxca_.Ly, calibrated for the l_=ne_ro_,e- _er

t:xp<rimeut, q_:_e calibration is to be accomplished in secordsnce with
m- a

=T Equipment RequireC

Ao Test fixture, TEl No. 1-00034

B. Urethane foam test block

C. Gum rubber test block

D_ Eard rubber test block

E. /duminum test block

F. Steel test block

G. Test box, TEl No. 1-00318 (with Endevco 2620 charge amplifier)

H. Hot and cold oven, Delta 106G_ or equlvalent

I. Oscilloscope, TeKtronix 515 or equivaieni

J. Oscilloscope Camera

K. Chromel-constentsn thermocouple, 40 B and S or equivalent

L. _ermocouple _<eter, Keith!eym/,voltmeter No. 149 or equivalent

M. Hob sir blower, Alplna Hest Gun HG-I or equivalent

N_ Dry ice end acetone bath for cooling

0. impedance bridge, ES! Model 250 or equivalent

Pc Signal generator, _athawayM0del N-2

Q. AC Voltmeter_ Bsllantine Model 317

R_ ?mlibrstion Check Sheet, TEI No. 387-241-92

-205-



i

<_ 387 241 93 Page 2 of 4

i!i. Procedure

A Ca_c _=,%.....o._ Cutput S,_ns_t_v_ty

1. Cor_ucc= the -_ "_" as_.rc_ show_ on _I ,_- ol-Ou91<, snd the schematic

disgra: : below.

ATTENUATOR

CAPACITOR

i I[ t

"cc'L"°"T"TL"''-- CAPACITY I

I
I

i
!

TOTAL CAPACITY, C! "_J

L_..__
A;_P..IFIER _' TO

2.4 mv/pcov! _COPE

Bo

e

3_

Disconnect the Y_[crodot connector from the input terminnl of the

charge amplifier and connect it to the impedance bridge. _'.easure

the tots[_ ca]_icity of the accelerometer, llne, and s_tenuatlng

capacitor; Ct.

Calculate the volt8ge sensitivity of the system by means of:

System E s = Ct x Es x 2.4 x lO -3 mv/g

uslng_

a. the total capacitance, Ct, in pf, measured in (2),

b. th_ voltage sensitivity of the accelerometer, Es, in

_ak mv/i_:ak g, from the factory calibration chart,
and

_:_ _h_ c_ur,_e amplifier gain, 2.4 mv/_coul.

4. Copy the manufacturer's csllbration onto the check sheet in the

space provided.

Calibration of Materials

1. Set up and level the calibration test Jig.

2. Remove the tlp ssse_:oly from the accelerometer and install the

_ccemeromecer and tip assembly in the test 4ig. _gnDen the

sccei¢:'<meter to the tip ossembly to i_ in.-ib torque.

-Z06-
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o

5.

u

Position the srm so that the tip is 3 inch_s above the test

sample and the pivot is 8. 5 inches above the tes% sample.

Place th__ first smmple under the drop point of the penetrometer.

Fasten it securely to the base.

Connect the 8ccelerometer to the test box.

Connect the sij_al generator to the oscilloscope input and

the ac vol%n,cter to measure the voltage input°

Set the required voltage in.at and adjust the oscilloscope

gain to fill the 6-cm vertical grid exactly.

Calibration Setting_s and Voltage Correction for

Model 917 Ballantine AC Voltmeter I Serial No._o _

Test Block

Ymterial

Foam (cone)

Gum rubber (spherical)

Gum rubber (cone)

Hard rubber (cone)

Aluminum (cone)

F_ld steel (cone)

Voltmeter Corrected Oscillograph

Reading, rms Voltage, Sw _ep,

my/6 cm mvl6 cm msec/cm

15.oo 15.oo 5.0o

54.oo 5}.95 i.oo

36.00 }6.00 i.oo

9o.oo 89.58 o.so

280.00 277.30 O.lO

600.00 599.50 0.05

.

.

9_

lO.

Set the required sweep end replace the calibration circuit with

the test circuit. Turn the test box on.

Adjust the oscilloscope sync-trigger mechanism on the test Jig

so that the output from the pemctrometer falls in the center of

the sweep. Adjust the base llne to fall Just below the top

horizont_l gric line of the oscilloscope.

Drop thc ;_netrometer from a height of 3 inches, cone tip to

_Op of [_-_z[,_)le, and record the oscilloscope F_ttern with _he

_.s_....o .....o_ camera° Repeat the %est and m6_ke a second _icture.

Repeat t_his for each test. Reposition metal samples for each

drop to present a smooth surface.

ii. Record for each sample on the data sheet:

a _ Dat(

b _ Obs_:.rver

c. Device No. and Accelerometcr Serial No.

d. ide_tlfication of oscilloscope records
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C. Calibration 8t Temperatures

1. Set up equl_':;ent as in A, using a 5-inch drop height on the

g_ rubber test block only.

. Remove the entire pivoting assembly_ w]'[ick comprises the

8ccelcrometer, mount, and ar,u. T_ape a the_rocouple to the

outside of the aceeLerometer.

.

o

Soak the assembly in the oven at test temFr__rature for a half

hour Then ossemble fixture rapidly_ con[ect thermocouple to

meter° Use external source, blower or balh, to bring TC read-

ing to test temperature. Record the resu/ts of two drops as

in A, bringing _ temperature back to test tem_rsture between

tests if necessary. Test 8t the following temperatures.

a. -65°C (-85°F)"

b. +125°C (25"_>F)

Record as above. Do not allow the hot or cold penetrometer to

rest on the test block any longer than is necessary, since 8

change in temperature of the test block _y vary the results.

D. Preparation for Final Inspection

i. Remove the penetrometer from test fixture and clean it up.

2. Repeat checkout procedure on each unit.

3- Assemble them in the shipping carton.

E. Computation

I.

L

Pmving established the system voltage sensitivity (system Ea) ,
caleb/hate the vertical sensitivity (0.471_ x corrected rms

callbration voltage) and then the g sensitivity (vertical

sensitivity + system Es).

Measur_ the pulse height and width in centimeters on the oscillos-

co_ record. Width is measured at the base line; where departul-e

from the base line is in question, extend the tangent at 8 point
on the curve 0.5 cm below the base line.

_. Calculate pulse height in g's (g sensitivity x measured pulse

height) and pulse width in milliseconds (sweep x measured

pulse width).

-g08 -
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Pcnctrometer Calibration Procedure Check Sheet

iP_ge i of 2

°.

,!

,-I

.Z

_vice No. Date

Azceierometer Set. No. Observer

2"_g.,_C_iibrstiom_

,_od_Mfg. and ....

Sensitivity in peak my/peak g (Es)

Sensitivity in rms mv/_ak g (Ec)

Accelerometer capacity in pf (Cp)

Sensitivity in peak pcoul/peak g

=E s (Cp + 300) x i0 "s

_ximum transverse sensitivity in

Note: 300 pf total external capacity added for all sensitivity

callbrations.

Frequency 20 50 i00 200 400 i000 2000

Devlstion

Calibration _te

Aceelerometer Circuit:
ATTENUATOR

CAPACITOR

! I [ ' I
!

,CC,L,_OM,,,R 1! '" ' _m _,N, I
T CAPACITY !

] TOI"AL CAPACITY, C!

<;_ • 20 m,mgohm#, (MEASURED_

C -" 130.6 pf (MEASURED)

AMPLIFIER TO
"_72A mv/pcoul SCOPE

Aceelerometer circuit C_ = _f (measured)

Aeeelerometer E s = peak mv/p_ak g

System E a = Ct x E s x 2.4 x l0 -_= mv/g

Acc_2_romcter _ith stu_ welghted to T0.05 grams

_,.._..c*-,-_me_,_c_'_ststle io_d o.u tes_ block = __ grams

-209-
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....._......_ I_COMING ACCE_A_JCE TESTS

.J

II.

iiI_

General

7_Al_ geophones :::ustbe acceptance tested according _o this documeat

before _,__j ar_ used in the acoustic sensor device

A_ _er the _est5 are performe_, a certified copy of the com_oleted

test sheet for the particular geopho[_e must accompany the device

ia which the _ is installed.

Equipment Required

TEl test box 387-462-00-00

Oscilloscope:

preamplifier

A_

B. Tektronix Type 535 with Type c/a plug-is

C. Oscillator: FmthswsyType N-2 or equivalent

Do Breakdown tester: Hathaway C-6B or equivalent

Eo Impedance bridge: F2,I 250 DA or equivalent

Fo Oscilloscope camera

G. Shake table: Ling T_pco Type 219-CP-3/4 or equi'ralent

H. Hot and cold test box: Delta 1060W or equlvalemt

i. Shake fixture _I 387-466-0A

J. Standard geo_hone

K. Test jig - dropped weight TEI 387-464-0A

C_ner._l Tes%_

A_ Check the pi&ting of the geophone, it should be nickel.

Record Item i. on Geophone Check Sheet.

i, Connect geophone to test box.

2. Set geophone in s_ upright posltio_ (thresde< end down).

-Zll-
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_V_

9o Svitc]- the test box to "Reso Test" position. With the

imL-,_'d_m:._br_dce, measure the dc resistance between the
reslst_nce t_st terminals on the t_st box. _ne resistance

sho'_id t,e about 215 ob,ns. Record item 2.

Remove __ im_mdance brld<;e ;_nd check for e_ec _r_csl
breskcown bcLween case and coil with the breakdo_u] tester.

[T:__creshould be no breakdown _'ith 500 volts dc applied

for 9 mim. Pecord Item 9-

Opera tiono! T_sts

A. Vibration

I. Connect the output of the geophone to the geophone test

box, [_I _87-462-00-00.

2_ Connect the standard geophone to the "Std_" input of the
test box.

9.

.

Set the test box to "total damping." Connect the "A"

vertical input to the oscilloscope to the respective ter-

minals on the test box. Set the scope sweep length to

20 msec, set the "A" verticsi input sensitivity to 200

mv/cm. Connect the "B" vertical input to the B out_t on

the test box} set the "B" vertical input %o 200 mv/cm.

,Mount the geophones on the sluake table. Set the vlbrstion

equIym_ent to give constant velocity of 1 in./sec. Set to

sweep the range of 25 to 3,000 cycles in LO mia.

5- Position the traces of the scope so that the output of the

two geophone_; can be viewed simultaneously.

6_ O_ra_e the vibration equipment. The output of the _wo

geophoncs ._hould be approximately the same over the

vibration ranze. Record Item 4.

3. Resonant 7'requency

lu Comnect geophone to test box° Switch the test box to

"Resonant Freq." position° Connect the oscillaZor to the

proper terminals. Set the oscillator output to 13. 5 volts

(no load) or 0°3 volts (plugged into test box) and 20 cycles.

2o Connect the vertical and horizontal inputs of the osclllos-

cope ;o the proper terminals on the test box.

-zlz-
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9, •_ ...... : _ ..... vertical c>_nnel to give about 4 cm

deYlecticn _n tae screen. P_,si_ioa the trace in the center

of the scre__n.

Set the _ -"•_ _ - for horizo_tal _ +e___c,__o;,cu_ xnpu_, remove the verti-

_.J_ _c;.,po;_r_y, and a_u.*,_ the gsl_: oi" the horlzcntal

ci_:unel to zive %-ca deflection. Position t_e trace in the
center of the screen°

5. Recon_uect the vertical input. _ne resultant trace should

be sn elongated elipse at an angle of 45 °.

. Adjust the frequency of the oscillator until the resultant

trace is _ single-line closed ellpse. This is the resonant

frequency of the geophone. Record Item 5-

C. Self Damping

i. Switch the test box to "Self Damping" position.

2u Set the oscilloscope vertical input to dc and gain to

200 mv/cm. Set the sweep time to 20 msec/cm. Set the

horizontal display to single sweep; set the triggering

slope to "Int.+", stability to O, and triggering level

to +.

3_ install the oscilloscope camera; set the scsle illumi-

nation to f-ll; turn oscillosco_ intensity off; pre-

ex_se grids for 1 sec; turn scale illumination off;

set oscilloscope intensity to 0.4 of _ scale.

Close and hold shut the damp test switch on the test

box. Press reset button o r oscilloscope open shutter

of camera.

5- Release the damp test switch. _uis removes the voltage

from coil end allows the geophone to vibrate freely.

-Zi3-
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6 _e r_s,:]_,.nr_iwave form sbot$_:d be as ._hown

"_ I , I t I

I

. ii i 'q,_/ i ! ! . :: t--_-- , !

]

7. Measure heig_t of Al and A2 and record Item 6 on Geophone

Check Sheet.

8. Divide AI by A 2 and record this value (6) on Geophone

Check Sheet.

9. Take At/A2 w_lue; use Damping Curve Sheet, Figure 61 to

find bo. Record Item 6.

D. Total Dumping

I. Switc:n the test box to "Total Damping."

2. Repeat Steps i through 5 above.

'f ,_em 7 on Geophone Check3. h,_asure Az and Am and record r_

Sheet.

4. Divide A1 by Am and record Item 7 on Geophone Check

Sheet ,.

5- Take Az/A2 v_,lue, use Damping Curve Sheet, Figure 61,

T_O find b t. Record Item 7-

Output

__.. _r.:'o_:we": ' ....:*e_s2- .5 t>_ough 7. on Geophone Check Sheet_ where

En = ua%ural frequency

(Step C)

r -= coil resistance

<step
b o = self damping

":S_ep D )

b t = total damping

(Step E)

m = boO0 grams (moving

mass of geophone)

R = 500 ohms (load

resistor)
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--I

V.

2. The output should be about 0.ii0 volts/cm/_ec.
item 8.

_vlronmental Tests

A. _e_pe. a _ur _yc-i _

1.

2_

Ba

Co

Record

u

Place the geophone in the tem_c_rature test box and rslse

_hc tez_:ratuce to 150°C for 50-40 min.

After >0 mln at 150°C reduce the temperature to -_O°C

and hoid for _0-40 min at -50°C.

_Ise the tezperature to room temperature and hold for

}0 min or more.

Repeat Steps I, 2, and _ three times. Record Item 9-

Shock

i. M_unt the geophone in the test Jig.

2. Rais_ %h_ weight in the test Jig and release.

3- Repeat I0 times. Record Item i0.

Vibration

i. After Dhe temperature cycling and shock testing has bee_

completed, mount the geophone on the shake table (fixture

TEZ 387-_6-_).

2. Vibrate the geophone at a constant acceleration of I0 g's

over the frequency range of 25-5000 cps. _"_nefrequency

sh_!l be swept logaritb_ _tally from 25-_000 cps and back

to 2_ cps in a total t_ of 30 rain. Record Item ii.

Repeat 1%', B, C, D, and E.

_o_c_D.8._o_

These tests are designed to weed out early failures as well as

verify that the voltage characteristics of the device are aormal.
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C_o?hone _nc)ming( Acce2tance Check Sheet

D_,e of Test

Observer:

@_ophone No.

i. Fiacing of geophone is nickel (check).

2. Resistance of coll ob_ms, 215 + 25 oY_ms (at 70°F).

3- _nere is no breakdown with 500 volts dc applied (check).

4. Output voltage of the geophone approximates that of std.

5- The resonnnt frequency is cycles, 26 + 3 cps.

6. Open circuit damping: A l , A2 , AI/A 2

7. Total damping: load resistor, 500/_A 1 , A2

bt

(bt - bo) (R+r) (R+r) x (bt - bo) .

(cheak).

Output = _i 4.F n M(f+r)(b t - bo) x 10 -7

7.07 x I0 -S "_/ Fnr'_"_,_r) (bt - bo) x I0 -l

8. Output: Volts/cm/sec

9. Temp. Cycle No. 1

Temp_ Cycle No. 2

Temp. Cycle No. 3

, ( Volt ±

min at 150°C

min at -50°C

min st room temp.

mln at 150°C

min at -50°C

min at room temp.

min at 150°C

min at -50°C

mln at room temp.

-217-
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<30-40 min)

(3o-4o mln)

(30 min. minimum)

(30-40 Bin)

(3o-4o mln)

(}0 min. minimum)

(30-40 mln)

(3o-_o mln)

(3o mln. _i_)
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iC. Shock

il. Vibration

No. of shocks:

Sweep range

Acceleration

Time of vibration

(I0 or more).

(25-5ooocp ).

(lO-!5 g's).

(30 rain. minimum).

i hereby certify that no evidence of malfunction, excessive noise, or other

incidents occurred dur,ng these tests which would indicate tlnat there _s

reason to believe that this geophone would fail under proposed spacecraft

usage.

Signature

-21S-


